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I. 

. 

1 .  5 INTR.QDUCTION AND SCOPE 

On 251:07:57:01.257 GMT ( 8  S e p t e m b e r  1967) the  fif th Surveyor  s p a c e -  
c r a f t  w a s  launched  f r o m  pad 36B a t  A F E T R  a t  a launch  a z i m u t h  of 79. 517 
d e g r e e s .  T h e  launch  into park ing  orbi t  w a s  n e a r  pe r fec t ,  wi th  the s p a c e c r a f t  
being in jec ted  into i t s  t r a n s l u n a r  t r a j e c t o r y  dur ing  the second  Cen tau r  b u r n  
a t  251:08: 15:25 GMT. Subsequent  t r ans i t  o p e r a t i o n s  ( s e p a r a t i o n ,  sun acqu i s i -  
t ion,  and  s t a r  acquis i t ion)  w e r e  nominal  unt i l  p r e s s u r i z a t i o n  of the v e r n i e r  
p ropu l s ion  s y s t e m  p r i o r  to  the m i d c o u r s e  c o r r e c t i o n .  
a n o m a l y  in  the he l ium regu la to r  was d i s c o v e r e d  ( a  l eak  of t he  he l ium supply) .  
T h e  or ig ina l ly  scheduled  m i d c o u r s e  and  f ive addi t ional  v e r n i e r  c o r r e c t i o n s  
w e r e  m a d e  p r i o r  to a modif ied and s p e c t a c u l a r  t e r m i n a l  descen t  to  a sof t  
landing on the moon on 10 Sep tember  1967.  Over  18 ,000  high quality t e l e -  
v i s ion  p i c t u r e s  w e r e  taken  on the f i r s t  l u n a r  day, and o v e r  a thousand addi -  
t iona l  p i c t u r e s  w e r e  t aken  on the second l u n a r  day.  In addi t ion,  a to ta l  of 
93. 5 h o u r s  was  accumula t ed  by t h e  alpha sca t t e r ing  dev ice  to give a n  e s t i m a t e  
of the c h e m i c a l  compos i t ion  of t he  lunar  s u r f a c e  a t  the Surveyor  V s i t e .  

At t h i s  t ime ,  a n  

The  bas i c  p u r p o s e  of t h i s  r e p o r t  i s  to document  the ac tua l  p e r f o r m -  
a n c e  of th i s  s p a c e c r a f t  throughout  the m i s s i o n ,  c o m p a r e  i t s  p e r f o r m a n c e  with 
that  p r e d i c t e d  f r o m  s p a c e c r a f t  design,  s u m m a r i z e  p r e l i m i n a r y  f a i l u r e  inves -  
t iga t ions ,  and r e c o m m e n d  any  changes  o r  modi f ica t ions  that  should b e  m a d e  
to the s p a c e c r a f t  des ign .  
m i s s i o n  da ta  a n a l y s i s .  

T h i s  r e p o r t  is b a s e d  on both r e a l - t i m e  and pos t -  

1 -1  
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I 

2 . 0  DESCRIPTION O F  SURVEYOR SYSTEM 

The Surveyor  s p a c e c r a f t  is des igned  and built by Hughes A i r c r a f t  
Company f o r  the Nat ional  Aeronaut ics  and  Space  Admin i s t r a t ion  unde r  the  
d i r e c t i o n  of the Ca l i fo rn ia  Inst i tute  of Technology J e t  P ropu l s ion  L a b o r a t o r y .  
It h a s  been  conceived and des igned  to effect  a t r a n s i t  f r o m  e a r t h  to  the  moon,  
p e r f o r m  a soft  landing,  and  t r a n s m i t  to e a r t h  b a s i c  scient i f ic  and  eng inee r -  
ing da ta  r e l a t i v e  to  the  m o o n ' s  envi ronment  and  c h a r a c t e r i s t i c s .  
d e s c r i p t i o n  of the  Surveyor  vehic le  des ign  is given the  Surveyor  I f inal  
p e r f o r m a n c e  r e p o r t  ( R e f e r e n c e  1 ) .  

A b r i e f  

2 . 1  SURVEYOR V MISSION OBJECTIVES 

The  p r i m a r y  ob jec t ives  of the S u r v e y o r  V s p a c e c r a f t  s y s t e m  w e r e  as 
fol lows : 

1) Accompl i sh  a sof t  landing on the  moon a t  a s i t e  e a s t  of the c e n t e r  
of t h e  moon 

2) D e m o n s t r a t e  s p a c e c r a f t  capabi l i ty  to soft  l and  on the moon with 
an  obl ique a p p r o a c h  angle  not g r e a t e r  than 4 5  d e g r e e s  

3) Obtain post landing te lev is ion  p i c t u r e s  

4 )  Obtain data  on r a d a r  ref lect ivi ty ,  t h e r m a l  c h a r a c t e r i s t i c s ,  touch-  
down dynamics ,  and  o ther  m e a s u r e m e n t s  of t he  l u n a r  s u r f a c e  
th rough  u s e  of va r ious  payload equipment ,  including the  a lpha  
s c a t  t e r ing d ev i c e.  

S u r v e y o r  V achieved  the foregoing ob jec t ives .  Soft landing o c c u r r e d  
e a s t  of t he  c e n t e r  of t h e  moon a t  an a p p r o a c h  angle  of 4 6 .  8 d e g r e e s .  T e l e -  
v i s ion  p i c t u r e s  w e r e  t r a n s m i t t e d  f r o m  the l u n a r  s u r f a c e ,  a n d  ex tens ive  u s e  
w a s  m a d e  of the  alpha s c a t t e r i n g  dev ice .  

2 . 2  SURVEYOR V FLIGHT CONFIGURATION 

F o r  a s u m m a r y  desc r ip t ion  of t he  m a j o r  Surveyor  funct ions and  des ign  
mechaniza t ion ,  consul t  the "Surveyor  I F i n a l  P e r f o r m a n c e  Repor t "  o r  t he  

2-1  
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"Surveyor  Spacecraf t  Equipment  Specif icat ion,  I '  Sec t ion  2 . 3  ( R e f e r e n c e s  1 
and 2).  
Su rveyor  I through 4) only the m a j o r  S u r v e y o r  V des ign  changes  a r e  noted 
( R e f e r e n c e  3 )  in  Tab le  2-1 .  
a l i s t  of Surveyor  V con t ro l  i t e m s ,  s e p a r a t e d  by s u b s y s t e m  o r  function, is 
g iven  in Table  2-2 .  

l Since Surveyor  V was  a r econf igu red  s p a c e c r a f t  ( a s  c o m p a r e d  to 

To  define the s p a c e c r a f t  conf igura t ion  a t  launch, 

1 TABLE 2-1.  MAJOR SURVEYOR V DESIGN CHANGES 

Subs y s t e m  

R F  

Signal P r o  c es  s ing 

Solar  P a n e l  

Power  

Fl ight  Con t ro l  

R a d a r s  

P r o p u l s i o n  

A I S P P  

Te lev i s ion  

Alpha 
Sca t te r ing  
S y s t e m  

Change 

E l imina t ion  of power  dropoff with t e m p e r a t u r e  
E l imina t ion  of m i c r o s w i t c h e s  in  t r a n s f e r  and  SPDT 

swi t ches  

Data  channel  r e a s s i g n m e n t  

Use  of f la t  c e l l  mounting 
Lower  vol tage output 

E l imina t ion  of aux i l i a ry  b a t t e r y  
E l imina t ion  of OCR in  b a t t e r y  c h a r g e  r e g u l a t o r  
Higher  efficiency and c u r r e n t  l imit ing in boos t  

S e p a r a t i o n  l a t ch  
I n c r e a s e d  m i d c o u r s  e t iming  capabi l i ty  
T e r m i n a l  d e s  c ent staging 
Ni t rogen  tank  t h e r m a l  c h a r a c t e r i s t i c s  

Improved  AMR n o i s e  f igure  
RADVS 3 - b e a m  c r o s s c o u p l e d  s idelobe logic 
RADVS c r o s s c o u p l e d  s ide lobe  logic  a t  low a l t i tudes  
RADVS onloff r e l a y  

Hel ium check  and  rel ief  va lve  a s s e m b l y  
P r e s s u r e  and t e m p e r a t u r e  t r a n s d u c e r s  on fuel  l i nes  

High t o r q u e  m o t o r s  
S t rengthened  a x e s  locks 
S t rengthened  s e c t o r  g e a r  
So la r  ax i s  s u p p o r t  tube 

Removable  m i r r o r  a s s e m b l y  - Strengthened  d r i v e  

P o t e n t i o m e t e r s  - New d r y  lube and th i cke r  w i p e r  
Vidicons - Surv iva l  h e a t e r  and  opt ica l  f ront  po rch  
S p h e r i c a l  viewing m i r r o r s  

I n s t r u m e n t  s e n s o r  
Deployment  m e c h a n i s m  
C o m p a r t m e n t  C - I n s t r u m e n t  e l ec t ron ic s ,  i n s t rumen i  

regula  t o r  

r ing g e a r  and  d r i v e  shaf t  

auxi l iary,  and  t h e r m a l  con t ro l  

2 -2  
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T A B L E  2-2.  SPACECRAFT UNIT CONFIGURA’I‘ION 
A T  LAUNCH 

SU’US~ siei-ii Part N a m e ,  N u m b e r ,  S / N  

E l e c t r i c a l  P o w e r  Main ba t te ry ,  237900, S / N  142 

F l igh t  Con t ro l  

R a d a r  

T h e r m a l  con t ro l  and  h e a t e r  A, 283724-1, S / N  11 

T h e r m a l  con t ro l  a n d  h e a t e r  B y  283724-2, S / N  13  

Boos t  r egu la to r ,  3024240-1, S / N  11 

B a t t e r y  c h a r g e  r e g u l a t o r ,  3024260- 1, S / N  11 

S o l a r  panel, 251167, S / N  3 

Main power swi tch ,  254112, S / N  11 

Engineer ing  m e c h a n i s m s  aux i l i a ry ,  263 500-9, 
S / N  14 

F l igh t  con t ro l  s e n s o r  g roup ,  3023450-2, S / N  1 

I n e r t i a l  r e f e r e n c e  unit ,  235100-1, S / N  10 

R o l l  ac tua to r ,  235900-3, S / N  5 

G a s  supply,  a t t i t ude  j e t ,  235600-3, S / N  2 

Att i tude j e t s ,  235700-2, S / N  7 a n d  8 

Att i tude je t ,  235700-3, S / N  9 

Secondary  s o l a r  s e n s o r ,  235450-1, S / N  8 

Alt i tude m a r k i n g  r a d a r ,  283827-1, S / N  14 

KPSM (RADVS), 232909, S / N  11 

SDC (RADVS), 232908-4, S / N  11 

Alt i tude ve loc i ty  s e n s o r  an tenna  (RADVS), 232910, 
S / N  1 2  

Velocity s e n s o r  an tenna  (RADVS), 232911-1, 
S / N  11 

Waveguide a s s e m b l y  (RADVS), 232912-1, S / N  10 
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T a b l e  2-2 (continued) 

Sub s y s t e m  
~- ~ 

P a r t  Name ,  Number ,  S/N 

Telecommunica t ions  T r a n s m i t t e r  A ,  3024400- 1, S / N  12 

Signal  P r o c e s s i n g  

Telev is ion  

T r a n s m i t t e r  B, 3024400-1, S / N  14 

C o m m a n d  r e c e i v e r  A, 231900-3, S / N  19 

C o m m a n d  r e c e i v e r  B, 231900-3, S / N  20 

Omnid i r ec t iona l  antennas A and  B, 232400, 
S / N  31  and  7 

T e l e m e t r y  buffer  a m p l i f i e r s  A and  B, 290780-1, 
S / N  1 8  and  19 

P l a n a r  a r r a y  an tenna ,  251167, S / N  3 

Low p a s s  f i l ters  A and  B, 233466, S / N  22 a n d 2 4  

R F  swi tch ,  SPDT,  284344, S / N  13 

R F  t r a n s f e r  switch,  284345, S / N  11 

Signal  p rocess ing  aux i l i a ry ,  232540-1, S / N  6 

C e n t r a l  c o m m a n d  decode r ,  232000-5, S / N  6 

Low da ta  r a t e  aux i l i a ry ,  264875-2, S / N  1 

Engineer ing  s igna l  p r o c e s s o r ,  233350- 10,  S / N  1 

Auxi l ia ry  engineer ing  s igna l  p r o c e s s o r ,  264900-7, 
S / N  1 

C e n t r a l  s igna l  p r o c e s s o r ,  232200-7, S / N  1 

TV aux i l i a ry ,  232106-7, S / N  12 

S u r v e y  c a m e r a ,  284312-8, S / N  11 

Photo chart ,  an tenna  B, 231051, S / N  16  

Photo c h a r t ,  l e g  2, 230992, S / N  16  

Viewing mirror, 3035010, S / N  1 

Viewing m i r r o r ,  3035000, S / N  2 

2 -4  



T a b l e  2-2 (cont inued)  

S u b s y s t e m  P a r t  Name, Number ,  S/N 

Propu l s ion  

Mechan i sms  

Oxid izer  tank ,  287119, S / N  2 

Oxid izer  tank,  287121, S / N  1 

Oxid izer  tank,  287120, S / N  2 

F u e l  tank, 287117, S / N  11 

F u e l  tank,  287118, S / N  1 

F u e l  tank, 287117, S / N  2 

Hel ium tank and  valve a s s e m b l y ,  3026042, S / N 2  

T h r u s t  chamber  a s s e m b l y ,  285063-4 (Hughes) ,  
S / N  560 

T h r u s t  c h a m b e r  a s s e m b l y ,  285063-7 (Hughes) ,  
S I N  553 

T h r u s t  c h a m b e r  a s s e m b l y ,  285063-5 (Hughes) ,  
S I N  565 

Main r e t r o ,  238612, S / N  A21-28 

Space f rame ,  3025093, S / N  1 

Omnidi rec t iona l  an tenna  A m e c h a n i s m ,  3028000- 1, 
S / N  6 

Omnidi rec t iona l  an tenna  B m e c h a n i s m ,  273880- 1, 
S / N  1 

Antenna / so la r  pane l  pos i t i one r ,  3035092, S / N  2 

Leg  posit ion pots ,  988684-1, S / N  334, 346, and  
336 

R e t r o - r o c k e t  r e l e a s e  m e c h a n i s m s ,  230069- 1 , 
S / N  8, 17, and  53 

Sepa ra t ion  sens ing  and a r m i n g  dev ices ,  293400, 
S / N  17 ,  18, and  19 

Shock a b s o r b e r s ,  l egs  1 th rough  3, 238927, 
S / N  8, 10, and 11 
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Tab le  2-2 (continued) 

Subsys t em 

Mechan i sms  
(cont inued)  

Alp ha Sca t te r ing  

T h e r m a l  Control  

Part N a m e ,  N u m b e r ,  S / N  

Landing g e a r ,  261278, S / N  8 

Landing g e a r ,  261279, S / N  7 

Landing g e a r ,  3025100, S / N  1 

C r u s h a b l e  block,  261281, S / N  405 

C r u s h a b l e  block, 3050736, S / N  402 

C r u s h a b l e  block,  3050697, S / N  415 

A c c e l e r o m e t e r  a m p l i f i e r ,  23901 1, S / N  6 

S t r a i n  gauge  a m p l i f i e r ,  238930, S / N  6 

Auxil iary,  274350-1, S / N  1 

E l e c t r o n i c s ,  239305, S / N  P4 

Deployment  m e c h a n i s m ,  3024801, S / N  3 

S e n s o r  head,  239304, S / N  P4 

S t a n d a r d  s a m p l e ,  239397, S / N  2 

H e a t e r ,  c o m p a r t m e n t  C,  290900, S / N  1 

T h e r m a l  swi t ch  A, 3028200-2, S / N  6 

T h e r m a l  swi t ch  A, 3028200-1, S / N  4 ,  8, 11, 1 4 ,  
15, 16,  17, and  19 

T h e r m a l  swi t ch  B, 3028200-4, S / N  4 

T h e r m a l  swi t ch  B, 3028200-3, S / N  8, 9, 14, 
17, a n d  24 

T h e r m a l  she l l ,  c o m p a r t m e n t  A, 3025262, S / N  2 

T h e r m a l  she l l ,  c o m p a r t m e n t  B,  3025288, S / N  2 

T h e r m a l  t r a y ,  c o m p a r t m e n t  A, 3025094, S / N  2 

T h e r m a l  t r a y ,  c o m p a r t m e n t  B, 3025096, S / N  1 
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S u b s y s t e m  P a r t  Name,  Number ,  S / N  

H a r n e s s  Wiring h a r n e s s  c o m p a r t m e n t  By 3025639, S / N  1 

Wiring h a r n e s s  c o m p a r t m e n t  A, 3025637, S / N  1 

Wiring h a r n e s s  b a s i c  bus  1 ,  3025635, S / N  1 

Wiring h a r n e s s  TV c a m e r a ,  285833, S / N  1 

Wiring h a r n e s s  b a s i c  b u s  2, 285828, S / N  2 

Wiring h a r n e s s  T V  aux i l i a ry ,  3025391, S/T 

Wiring h a r n e s s  r e t r o  m o t o r ,  285832, S / N  3 

Wiring h a r n e s s  b a t t e r y  c e l l  volt ,  3025155, S/N 6 

Wiring h a r n e s s  s e p a r a t i o n  squibs ,  285831, S / N  1 

Wiring h a r n e s s  A / S P P ,  3025420, S/N 5 

Cable ,  r e t r o  ign i t e r ,  286927, S / N  2 

Wiring h a r n e s s  ASI, 3025641, S / N  1 

2 . 3  R E F E R E N C E S  

1 .  "Surveyor  I F l igh t  P e r f o r m a n c e  F i n a l  R e p o r t ,  ' I  Hughes A i r c r a f t  Company,  
SSD 68189R, Oc tobe r  1966. 

"Surveyor  S p a c e c r a f t  Equipment  Specif icat ion,  " Hughes A i r c r a f t  Company 
224832, Rev i s ion  A.  

"Minutes  of S C - 5  Consent -To-Ship  Meeting, ' I  Hughes A i r c r a f t  Company,  
SSD 74081, 13  June  1967. 

2.  

3 .  
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3 . 0  SYSTEM SUMMARY 

r 

Number 

1 

2 

3 

3 . 1  SUMMARY O F  SIGNIFICANT ANOMALIES 

T h e  a n o m a l i e s  tha t  o c c u r r e d  during Miss ion  E a re  s u m m a r i z e d  i n  
T a b l e  3-1.  F o r  th i s  r epor t ,  a n  anomaly  is def ined as a n  unexpected o c c u r -  
r e n c e  tha t  might b e  ind ica t ive  of a s p a c e c r a f t  t rouble  o r  f a i l u r e .  
a n o m a l i e s  a r e  d i s c u s s e d  in g r e a t e r  de ta i l  i n  the  sec t ions  noted i n  th i s  t ab le .  

T h e  

C u r r e n t l y ,  eight s p a c e c r a f t  a n o m a l i e s  have been  identified with the - 
Survey0  r v mis S ion.  

T A B L E  3 - 1. SPACECRAFT ANOMALIES 

G M T ,  
day: h r :  m i n :  s e c  

2 5 2 0 1  :42:28 

T e r m i n a l  
descen t  

Af te r  
252:01:42:28 

Anomaly 

He l ium p r e s s u r e  
r e g u l a t o r  f a i l u r e  
a l lowed g a s  l eakage  
f r o m  he l ium tank.  
A t t empt s  to  r e s e a t  
valve with a ddi t io  na  1 
v e r n i e r  b u r n s  unsuc -  
c e s s f u l  (see s u b s e c -  
t ion 5 . 6 . 2 )  

P r e s  s u r e  s a t u r a t i o n  
on engine 1 and  p o s -  
s ibly o ther  engines  
( s e e  subsec t ions  
5 . 6 . 2  and 5 . 5 . 4 . 1 1 )  

Oxidizer  t a n k  p r e s -  
sur iza t ion  r a t e  w a s  
s l o w e r  than that  s e e n  
on p rev ious  s p a c e -  
c r a f t  ( s e e  subsect ior  
5 .  6 .  2)  

3 -  1 

PRECEDING PAGE BLANK NOT FILMED. 

Effect  on  
Miss ion  

Modified m i s s i o n  
p r o c e d u r e s  after 
fir s t mi d c o u r  s e, 
e s p e c  ia l ly  the 
t e r m i n a l  d e s c e n t  
s equence  

No g r o s s  effect  
on low t h r u s t  
ope ra t ion  

~~ 

None. Thro t t l ing  
rate n e v e r  
a p p r o a c h e d  value 
suff ic ient  t o  influ- 
e n c e  oxid izer  
regula ted  p r e s  s u r e  

TFR 
Number 

18263 
( c losed )  



T a b l e  3 - 1 (continued) 

Jumber  
Effect  on 
Miss ion  

T F R  
N u m b e r  

18265 
( c losed )  

GMT, 
day:  h r  :min:  s e c  Anomaly  

Ox id ize r  leg 3 p r e s -  
s u r e  d e c r e a s e d f r o m  
812 p s i a  to  328  p s i a  
( s e e  subsec t ion  
5.  6 .  2) 

- 

At t i m e  l eakage  
noted,  all m i s s i o n  
objec t ives  m e t .  
E n t i r e  v e r n i e r  
p ropu l s ion  s y s t e m  
exposed  to high 
t e m p e r a t u r e s  d u r -  
ing l u n a r  day  far 
i n  e x c e s s  of d e s i g n  
l i m i t s  

4 F i r s t  l u n a r  day 
261:lO to  
263:21 

5 S t a r t  of f i r s t  
l u n a r  night 

F a i l u r e  of c o m m a n d  
to  lock  landing g e a r .  
Deflect ion of 4 . 4  
d e g r e e s  on  l eg  2 a n d  
6 . 9 d e g r e e s  o n l e g  3 
o c c u r r e d  as  s p a c e -  
c r a f t  e n t e r e d  l u n a r  
night ( s e e  s u b s e c t i o n  
5. 10.  2) 

None 18266 

18267 

6 F i r s t  l u n a r  
day  

T h e r m a l  s w i t c h e s  

and  3028200-4, 
S / N  4 fai led to  open  
at t h e i r  spec i f ied  
ope ra t ing  t e m p e r a  - 
t u r e  ( s e e  subsec t ion  
5. 1 . 2 )  

3028200-3, S / N 9  
None 3 70 14 

( c l o s e d )  
37015 
( c lo  s ed)  

7 F i r s t  l u n a r  
day  266 

T V  c a m e r a  l e n s  focus, 
filter wheel,  a n d  foca l  
length fai led t o  
r e spond  to c o m m a n d s  
(see subsec t ion  5.13.2) 

T h e s e  t h r e e  c a m -  
era funct ions w e r e  
r e c o v e r e d  on  s e c -  
ond l u n a r  day .  
Most  l i k e l y a  t e m -  
p e r a t u r e  r e l a t e d  
p r o b l e m .  

59592 
( c losed )  

a Second l u n a r  
day 289 

Video s igna l s  i n  both 
n o r m a l  and  emergenc !  
m o d e  ope ra t ion  l e s s  
than 5 p e r c e n t  of n o r -  
mal (see s u b s e c t i o n  
5.  13.  2) 

L i m i t e d  te lev is ion  
o p e r a t i o n .  F a i l u r e  
mode  dupl icated 
in  l a b o r a t o r y  and  
c o n s i d e r e d  
r a n d o m  

59593 
( c losed )  
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n c til* 1 
I 1 1 

Spacecraf t  I 1 I 2 

Ignition -l if toff  

B c c z t c i  engine cutoff 
Boos te r  j e t t i son  
Insil lation panel  jett ison 
Nose  fa i r ing  je t t i son  
Sus t a ine r  engine  cutoff 
A t l a s /  Centaur  separa t ion  
Centaur  m a i n  engine cutoff 1 
Cen tau r  m a i n  engine cutoff 2 
Surveyor :  

Extend  landing gea r  
Extend omnidi rec t iona l  an tenna  
T r a n s m i t t e r  t o  high power  
E lec t r i ca l  disconnect f r o m  

Centaur  s epa ra t ion  
Cen tau r  

3 

T i m e  to  null  r a t e s  to 0. 1 d e g / s e c  
P i t c h  

P a r a m e t e r s  

Yaw 
Roll 

Cen tau r  r e t r o  maneuver  t ime  

So la r  ax i s  deployment  t i m e  

Spacec ra f t  s e p a r a t e d  weight 

Spacecraf t  c g  location 
X 
Y 
Z 

Spacec ra f t  m o m e n t  of iner t ia  

IXX 

Units 

I 
YY 

Iz z 

725.28  
745.98 
751 .28 ,  

756. 88 

< 13 
t 0 .35  
- 2 . 0  
-0 

Sun acquis i t ion  
Roll angle  
Yaw angle  
Tota l  t i m e  

S t a r  acquis i t ion  
P r o p e r  acquis i t ion  and  

Canopus ve r i f i ca t ion  
Roll angle  f r o m  beginning of 

maneuver  t o  Canopus  

Objec ts  identified 

Autom, 

t 210. L 

E t a  U I 

Mean ro l l  r a t e  dur ing  s t a r  

Ef fec t ive  ga in  of Canopus senso r  
m a p  phase  

Atti tude or ien ta t ion  
Average  e r r o r  f r o m  sunline 

P i t c h  
Yaw 
Rol l  

'BOLDIOUT FRAU$ 

d e g r e e s  
d e g r e e s  
seconds  

d e g r e e s  

d e g / s e c  

X Canopus 

d e g r e e  
d e g r e e  
d e g r e e  

0 +-cccd i3 i 9 6 b  
150:14:41:00.99 
142.2 
145 .6  
176.2 
203 .0  
239. 3 
241 .8  
689 .3  
None 

715 .5  
725 .7  
745 .4  
752 .3  

757 .1  

i 15 
e 0  
z 2 . 3  
=O 

L t 996. 0 

617 

-2192. a 

-0.  116 
-0.  092 
-59.185 

195 .4  

191 .7  

213. 3 

-87 
t 9 9  
372 

Manual 

580 .6  

Alpha Doradus  
P h i  E r idan i  
Markab  
Pi Cygni 
A lde ramin  
Regulus 
Alpha Hydrae  
Naos  
Canopus 

t o .  5004 

1 . 5  

-0 .058 
-0 .053  
-0. 055 

0 second i s  1966 

142.29 
145 .75  
176.06 
202.90 
235. 17 
237 .03  
6 8 6 . 3  
None 

710.7 
720 .7  
741.4 

263:12:31:59. 824 

742. oa 
752.58 

< 4  
- 
- 
- 

L t  992 .8  

360 

2203 

-0 .101  
t 0 .010  
59. 16 

200 

196 
215 

-71 .5  
t 1 5  
174. a 

Manual 

240 

Ze ta  Draconis  
Beta  Draconis  
R a s  Alhague 
Shaula 
Theta  Scorp i i  
G a m m a  A r a e  
Alpha T r .  

A u s t r a l i s  
Alpha A r a e  
Ze ta  C Majo r i s  
Canopus 
t 0.4998 

1 1 . 5  

-0 .07  
- 0 . 1  
-0 .  oa 

3-3A 

0 second is 1967 
107:07:05:01. 059 
142.5 
145 .5  

239.6 
569 
2028. a 

2051. a 
2061.8 

2087. a 
2072. 5 

2093.4 

: 11 
- 
- 
- 

L t  2355. 5 

358 

2281.3 

t o . 0 5 8  

58 .95  
t o .  179 

202 

198 

!23 

-181 

438 .2  
t 3 8  

Automat ic  

t 205 

Canopus 
Moon 
Jup i t e r  
E a r t h  
P rocyon  
Al t a i r  
Adhara  

0 .5011 

1 . 0 3  - 1 .22  

0 
t 0 .02  
-0.06 



T A B L E  3-2.  SUMMARY PERFORMANCE PARAMETERS 

Pred ic t ed  or Specified 
for Surveyor  V 

I I I I 

Refe rence  

4 5 
Subsec t ion  

o r  Refe rence  Comment s  

LUNCH TO ACQUISITION SUMLLARY 

/53:29. 215 

1 
I 
t 

I 
I 

I 
i 
I 

I 

!. 88  

0 second i s  1967 
251:07:57:01.257 
153 .4  
156 .8  
198 .4  
228 .6  
246 .4  
248 .7  
587. 0 
1103.9  

1124.2  
1134.4  
1154.7  
1160.9  

1165. 5 

c 20 

L t  1405. 5 

298 

2216.8  

-0. 070 
t 0.779 
59 .69  

210 

211 

211 

COAST SUMMARY 

t ic  

l a j o r i s  
e l o r u m  

3eiae 

-342 
t18 .  0 
722 

Automat ic  

t 179 

Ze ta  Ophiuchi 
(An ta re s ,  Tau  Scorp i i )  
G a m m a  T r .  A u s t r a l i s  
Canopus 
(Alnitak,  Aln i lam,  Mintaka) 
Alpha Lepor i s  
E a r t h  
Be l l a t r ix  
P o l a r i s  

0. 5007 

1. 32 

V e r y  sma l l  

FPAC 

F PAC 

5. 1 1 . 4  

5. 5 . 4 . 3  

5 . 5 . 4 . 4  

153. 5 
156 .6  
198 .5  
228 .5  
248 .2  
250 .2  
579 .2  
1099.4 

1120..5 
1131.0 
1146.0 
1157.0  

1162. 5 

Within 50 seconds  

L t  1167.5 

306 

18 minutes maximum 

0.5 

Within 0 . 2  d e g r e e  

Pref l igh t  nominal  
r a j ec to ry  

224 832A 
(7.3.3.3.4) 

224832A 
(7.3.3.3.5) 

Design 

224832A 
(7.  3. 3. 3 .6)  

3 - 4  
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Spacecraf t  weight.cg and  
moments  of i ne r t i a  a t  
s epa ra t ion  

Rol l  maneuver  unt i l  ac t iva -  
t ion of acquis i t ion  sun  s e n s o r  
and  t h e n a  yaw maneuver  until  
p r i m a r y  s u n  s e n s o r  i l lumination 

Normal ly  the  ga in  se t t ing  
is 1 X Canopus  

Senso r  g roup  ro l l  axis sha l l  
be he ld  within 0 . 2  d e g r e e  of 
sun  - spac  ec  raft l ine  



3 . 2  SYSTEM PERFORMANCE PARAMETERS 

A se lec ted  group of p e r f o r m a n c e  p a r a m e t e r s  t ha t  could be  d i r e c t l y  
d e t e r m i n e d  through a n a l y s e s  of s p a c e c r a f t  t e l e m e t r y  for  the five Surveyor  
f l ights  a r e  s u m m a r i z e d  in  Table  3-2.  
t h e s e  p a r a m e t e r s  f o r  Su rveyor  V a r e  included i n  th i s  s u m m a r y .  

Requ i red  o r  p red ic t ed  va lues  f o r  

3 . 3  CONCLUSIONS AND RECOMMENDATIONS 

3. 3. 1 Conclusions 

P e r f o r m a n c e  of the Surveyor  V s p a c e c r a f t  w a s  v e r y  good excep t  f o r  a 
Fol lowing a n e a r -  h e l i u m  regu la to r  p rob lem a f t e r  the m i d c o u r s e  m a n e u v e r .  

p e r f e c t  inject ion and  c o a s t  phase  unt i l  t h e  m i d c o u r s e  c o r r e c t i o n ,  the f l ight  
w a s  n o r m a l .  Subsequent  to  the m i d c o u r s e  c o r r e c t i o n ,  a he l ium r e g u l a t o r  
p r o b l e m  e m e r g e d  which caused  reeva lua t ion  of the f l ight .  
p r o c e d u r e s  w e r e  used  dur ing  t e r m i n a l  d e s c e n t  and c o a s t  p h a s e  I1 (five a d d i -  
t iona l  m i d c o u r s e  c o r r e c t i o n s  in  an a t t empt  to  r e s e a t  the h e l i u m  regu la to r  va lve ,  
to l igh ten  the spacec ra f t , and  t o  c o r r e c t  the f inal  t r a j e c t o r y  back  t o  the o r ig ina l  
aim point) .  The va lue  of f lexibi l i ty  in s p a c e c r a f t  ope ra t ions ,  s u b s y s t e m  and  
s y s t e m  ana lyses ,and  r e a l - t i m e  s imula t ions  w a s  ev ident  i n  t h e  s u c c e s s  of the  
highly nons tandard  t e r m i n a l  descen t  sequence  by which Surveyor  V sof t  l anded  
on the  moon.  
the  t e r m i n a l  descent  events .  

Many nons tanda rd  

Subsect ions 4. 1 . 7  and 4. 1 . 8  and Sec t ions  5. 5 and  5. 9 highlight 

3 .  3 . 2  Recommendat ions  

Recommendat ions  f r o m  the Surveyor  V f l ight  a r e  p r i m a r i l y  a s s o c i a t e d  
wi th  inves t iga t ions  into t h e  he l ium r e g u l a t o r  anomaly .  
des ign  c o r r e c t i v e  ac t ion  i n  the  v e r n i e r  propuls ion  s y s t e m  w e r e  as  fol lows:  

Recommenda t ions  f o r  

1 )  Perform i n  p a r a l l e l  engineer ing  r e d e s i g n  of r e l i e f  va lve  to  
i n c r e a s e  c r a c k  p r e s s u r e  

2 )  Evalua te  e f fec ts  of i n c r e a s e d  r e l i e f  va lve  c r a c k  p r e s s u r e  on 
he l ium p r e s s u r i z a t i o n  subs  ys t e m  

3 )  P e r f o r m  tradeoff  s tudy  to  d e t e r m i n e  su i tab i l i ty  of r e d e s i g n  f o r  
s c - 7  

Addit ional  r ecommenda t ion  a c t i o n s  i n  the  area of manufac tu r i sg  handling and 
tes t ing  a r e  l i s t e d  in p a r a g r a p h  5 . 0 . 3 .  1. 
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Spacecraft 

P a r a m e t e r s  

Actnal 

1 2 3 4 5 

Units 

degrees 
degrees 
degrees 
seconds 

0.441 
0.470 
0.457 
65 

degrees 

degrees 
degrees 

seconds 

0,415 0.47 
0.443 0.42 
0,417 0.43 
50 61 

degihr  

deglhr  
deglhr  

0 . 2  -0.78 t l . l  
0 t o .  24 t 0 . 6  
0. 75 t1.09 - 0 . 8  

108:05:00:03.433 

4.245 

108:04:46:49.8 
t 56.7 roll  
108:04:50:08.2 
-39. 1 pitch 
NA 
NA 

197:02:30:00 

10.48 

197:02:15:28.9 
t 72. 5 roll 
197:02:21:09. 9 
-64.3 yaw 
NA 
NA 

(1) ( 2 )  (3) (4) ( 5 )  (6) 

4.2 
0.176 

10. 13 
-0. 17 

-1.0 
-0. 125 
t o .  30 

+o. 58 
t o .  96 
t1 .  97 

-0.8 

- 
-0. 17 
to .  19 

t l .  18 
t1 .  09 
t o .  10 

-1.22 

-0.31 
t o .  42 
-0.11 

-0.18 
t o .  03 
t 0.15 

t o .  24 
-0.01 

-0.06 
tO.05 
tO.01 

-0. 10 -0. 13 -0.07 -0.53 -0.29- 
t0.18 t O . l l  t O . l  t 0 . 6 5  t 0 . 1 5  
tO.08 +0.02 -0.03 -0.12 t0.14 

tO.06 tO.06 
tO.06 t0 .23  

to .  13 tO.06 t0.46 to .  13 
to .  12 to .  17 -0.76 -0 

T a b l e  3-2 (cont inued)  

~ ~~ 

Average error f rom Canopus linp 
of sight 

Pitch 
Yaw 
Roll 

Limit cycle optical mode 
Average amplitude - roll  
Average amplitude - pitch 
Average amplitude - yaw 
Average period 

Limit cycle inertial  mode 
Average amplitude - roll  
Average amplitude - pitch 
Average amplitude - yaw 
Average period 

Gyro  drift  
Roll 
Pitch 
Yaw 

I I I 
degree 
degree 
degree 

-0.058 
-0. 053 
-0.055 

0 
+ 0 .02  - 0.06 

0.55 
0. 51 
0.54 
68.5 

0.46 
0.48 
0. 50 
68. 5 

-0.07 
- 0 . 1  
- 0 . 0 8  

0.441 
0.45 
0.37 
64 

Time of initiation of vern ier  burn 15 1 :06:45:03.801 252:01:45*02.3 1 GMT 

seconds 

GMT 
degrees 
GMT 
degrees 
GMT 
degrees 

m l s e c  
m l s e c  

degrees 
degrees 
degrees 

degrees 
degrees 
degrees 

degrees 
degrees 

l b s l s e c  
lbs l sec  
lbs l sec  

deg/sec  
deglsec  

degrees 

hours 
hours 

NA 

NA 
bps 

264: 05:OO: 02 

NA 

264: 04:44: 00 
t 75.4 roll 
264:04:48:05 
t 110.6 yaw 
NA 
NA 

NA 
NA 

NA 
NA 
NA 

NA 

Duration of burn(s) 

Command of f i r s t  maneuver 
F i r  s t  maneuver 
Command of second maneuver 
Second maneuver 
Command of third maneuver 
Third maneuver 

20.815 

15 1:06: 30: 12.888 
86.6 roll  
15 1:06:34:48,86 1 
58.0 yaw 
NA 
NA 

P r i o r  to 
252:01:32:57. 0 
t 7 1 . 9  roll 

-35. 5 yaw 
NA 
NA 

(1) 
14.2 

-0.88 
-0.24 
t o .  08 

(1) 
t1.  2 
+O. 13 
+O. 50 

( 2 )  
9.78 
- 

-0.88 

tu. 2 5  
0 

( 2 )  
t 1 . 0  
t o .  16 
to .  90 

Midcourse AV 
Midcourse AV e r r o r  

Peak  attitude transients a t  ignition 
Roll 
Pitch 
Yaw 

Peak aqgular e r r o r  a t  shutdown 
Roll 
P i tch  
Yaw 

Roll actuator position 
Peak  at  ignition 
Mean during burn 

Engine shutoff impulse 
Engine 1 
Engine 2 
Engine 3 

Shutdown angular r a t e  
Pitch 
Yaw 

20.26 
-0 .081  

22.54 

-0.84 
-0. 13 
t o .  19 

t l .  1 
t o .  58 
+a 48 

-0.43 
0 
-0.08 

-0.90 -1.0 -0.82 
-0.05 t0 .05  +0.1 
tO.20 tO.22 -0.18 

(4) (5) (6) 
-0.44 t 0 . 2  t0.36 
t0 .14  t0 .71  t l . 2 .  
t 1 . 3  t 0 . 5  - 2 . 2  

t o .  9 
t0.65 

0.27 
-0.37 
0 .10  

TERMIN. L DESCENT SUMMARY 

1.50' N. 23. 19'E 1 Landing location 

Approach flight-path angle 

Goldstone visibility 
P r e  -touchdown 
Post-touchdown 

Transmi t te r  high power on 
Telemetry mode 
Bit rate 
Tbuchdown s t ra in  gages 

2.41 ' S ,  43. 35'W 

6. 13 

5.5'N.  12. 00's 

46.4 

253:23:51:41. 3 
6 

4 
5 

153:05:20: 18.3 
21 3 
1100 
Yes 

1 
1100 
Yes 
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Subsection 
or Reference  

5 .  5 . 4 . 6  

5 . 5 . 4 . 6  

5 . 5 . 4 . 9  

I 
I 

Predicted or  Specified 
Reference Comments for  Surveyor v 

5 . 5 . 4 .  8 and 
4 . 1 . 6  

5 . 5 . 4 . 0  

5 . 5 . 4 . 8  
I 

Within 0.2 degree  

5. 5 . 4 .  8 

224832A 
(7.3.3.3.6) 

224832A 
(7.3.3.3.3C) 

' i rs t  burn only 

! 4 a 3 2 ~  
.3.1.3.2.4.2) 

Canopus s e n s o r  null with 
respect to s e n s o r  group 
roll pitch plane 

ion g-sens i t ive  

Table 4.6 summarizes  
vernier burns 

( ) refers  to particular mid- 
course  of Surveyor V 

-2 impacted moon.  
-4 impacted moon.  

Last signal on terminaldescent i 
JTOrnOUT P W  

3-SA 



Table 3-2 (continued) 

I 
~. 

SppCSrnft  I 1 I 2 

Parameters Units 

.nmwnrl of first mammver 
pt mlsomlver 

I of .ecmd PlUlemer 

I of third maneuver 
p"d pyD+mer 

mrd rmp-er 

W aubled (station t ime) 
4MR rmrk (station time) 
4MR baclolp mark (station t ime) 
Ignition delay time 
Retro delay t ime 
Retro action time (T3500) 
Y retro thrust 
I%mt to velocity vector 
Retro tbrost to  cg offset 

itart RADVS - controlled descent 
Slant r a g e  
Ntitnde 
VZ 
VX 

Flight-path angle 
2 T D W  

Peak attitode transient at r e t ro  
Ignition 

Roll 
Pitch 
Y l W  

RODVS acplire condition 
Slant range 
velocity 

RORA acquire condition 
Slant range 
Velocity 

Retro case 
Other 

Beam loss of locks 

Segment acquisition 
Slant range 
Velocity 

1000 foot mark  conditions 
Time 
Velocity 
Attitude 

IO-fpa mark conditions 
Slant range 
Time 
A t t i M e  

ATime I000 foot mark  to 10-fps 
mark 
ATime 10 €pa mark to 14-foot 
mark 

Vernier engine shutoff 
14 foot mark 
Altitude (from foot pads) 
Vertical velocity 
l a t e r a l  velocity 
Angle to local vertical  
Time to touchdown 

Touchdown condition trajectory 
Vertical velocity 
Lateral velocity 
Attitude 

T-CM- conditions (strain gages) 
Yerricai velocity 
Lateral velocity 
Attitude 

Spacecraft attitude after landing 
Roll orientation (+ x-axis tonorth) 
Slope -&tude 
Slope direction 
(Negative gradient to north) 

Vernier fnel used 

iMT 
legrees 
;MT 
legrees 
iMT 
legrees 

;MT 
iMT 
i M T  
seconds 
ieconds 
seconds 
munds 
iegrees 
nch 

'eet 
'eet 
PS 
'PS 
9 s  
k.6 
legreea 

iegree 
iegree 
iegree 

feet 
IPS 

leet 
b 
NA 
YA 

feet 
fPs 

ZMT 

legree 
tps 

leet 
SMT 
degree 

seconds 

secolds  

CMT 
feet 
fPS 
fPS 
degree 
seconds 

fP6 
fP 6 
degree 

fPS 
fps  
degree 

degrees 
degrees 
degrees 

pounds 

IA 
~ 3 9 . 3  

6 0 . 0  yaw 

bM.4 rdl 

153x6: 12:57.684 
153:06:14:39.708 

7.85 
1.1 
38.9 
9900 
D. 26 
CD. 02 

m 2 0  
27800 
425 
71.3 
-4.1 
430 

- 
-0.41 
-1.03 

55000 
3280 

36000 
690 

No. 3 o n c e  
None 

18000 
442 

153:06:17: 10.494 
103.1 
1. 11 

43 
153:06:17:28.714 
0.7 

18.22 

6.45 

15306:17:34.16S 
13  
5 
-0 
-0.3 
1.53 

12.2 
-0 .6  
-0 

10 
2 
1 

179 clockwise 

139.0 
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Actual 

3 4 I 5 Subsection 
or Reference 

TERMINAL DESCENT SUMMARY (continued1 

Predicted o r  Specified 
for Surveyor V Reference Comments 

t80. 8 roll 

64 roll -25.4 roll 

!5400:12:15. 1 
173.8 roll 
!54:00:16:20. 5 
b119.6 yaw 
Y0"e 
V0"e 

254:00:43:00. 9 
254: 00: 44: 39.08 1 
25400:44:46. 38 
12.33 
1.07 
38.56 
9950 
0. 30 
-0.048 

09:23:59:35.252 198:02:00:16.99 
10:00:01:12.829 198:02:01:56.08 
10:00:01:13.439 198:02:01;56.35 /1. 73 

.o. 22 I 

.o. 10 
4 

I ,024 

6158 
,2900 
62 

171 

8 3  
.6.8 

,3900 
$230 

13700 
,40 

Uo. 4 once 
Uos. 3. 4 once 

22300 
$95 

11 0:OO: 03: 53. 023 
103.27 
0 .  51 

46 
1 10: 00:04: 10.623 
0.025 

17.6 

NA 

NA 
NA 
NA 
NA 
NA 
NA 

6-8 
S O  
S O  

6 
0 . 5  
-51 

134.2 clockwise 
12 
277 clockwise 

140.1 

- 

4 
420 
4 
4 
4 
192 
. 8  

I. 09 
I. 35 

IO00 
114 

R 
R 

one 
one 

A 

300 
139 
46 
4 1  
50 
9 
35.61 

0. 16 
0 .5  
0.5 

ios.4, 3 once 
lone 

IO6 
I7 

:54:00:46:19.6Q7 
16.03 
.7. 5 

16 
!54:00:46:37.097 
-0.53 

17.4 

5.6 

L540046:42.697 
14.5 
5 .  2 

- 0 . 1 1  
1.7 

13.5 
0.5 
so 

12 to 13 
< :  
8 0  

114.5 clockwise 
19.5 
7.6 clockwise 

136.62 

i .7 .3  
5 .  7.3 
5 .  5.3 
5 .  5.3 

5.  12. 3 

5.53 

5. 12. 3 
5. 12.3 

5. 12.3 
5 .12 .3  

5.12.3 

5. 12.3 

5.12.3 
5. 12.3 

5.12.3 

5. 12.3 
5. 12.3 
5.12. 3 

5.10.4.2 
5. 10.4. 2 

- 
i98 - 
- 
- 

5 .  05 

500 
17 

106.46 
-8 .3  

13 

-0.24 

13.0 
5. 04 

-0.10 

13. 5 
0. 5 - 

136.65 

iD74 131 

SSD74131 

MR t imes  received at DSS 

T - 4  loss of signal at 
98:02:02:41. 018 

,urnout data for SC-4 
9 at signal loss 
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4 .0  SYSTEM PERFORMANCE ANALYSIS 

4 . 1  GENERAL MISSION SUMMARY 

S u r v e y o r  V w a s  launched from pad 36B a t  CapeKennedy  on a park ing  
o r b i t  l una r  i n t e r c e p t  t r a j e c t o r y  at a launch az imuth  of 79. 517 d e g r e e s  and 
cu lmina ted  in a soft  landing in  a c r a t e r  in the  S e a  of T ranqu i l i t y  on the  moon. 
T h e  f l ight  of S u r v e y o r  V or ig ina ted  on 8 S e p t e m b e r  ( P D T )  (GMT 251:07:57: 
01. 257)  1967 and sof t landed o n  the  moon 10 S e p t e m b e r  ( P D T )  ( G M T  254:OO: 
46:44)  1967. A to t a l  of 18, 006 te lev is ion  p i c t u r e s  w a s  r e c e i v e d ,  and 93. 5 
h o u r s  of l una r  s u r f a c e  d a t a  w e r e  accumula ted  by the  a l p h a - s c a t t e r i n g  e x p e r i -  
m e n t  du r ing  the  f i r s t  l una r  d a y  (GMT d a y  254 t o  266). 
s u c c e s s f u l l y  rev ived  du r ing  the  second luna r  day ,  and a n  addi t ional  1048 
t e l ev i s ion  p i c t u r e s  w e r e  r e c e i v e d ,  giving a to t a l  of 19, 054 te lev is ion  p i c t u r e s  
for  S u r v e y o r  V. 
a p p e a r e d  exce l len t  th roughout  the  flight pe r iod  a s  all m a r k  e v e n t s  o c c u r r e d  
v e r y  c l o s e  to  the  p red ic t ed  t i m e s .  

The  s p a c e c r a f t  w a s  

P e r f o r m a n c e  of the At l a s  and Cen tau r  AC-13 launch veh ic l e s  

A s u m m a r y  of t he  m i s s i o n  event  h i s t o r y  is contained in Tab le  4-1. 
In jec t ion  of the  s p a c e c r a f t  o c c u r r e d  at GMT 251:08:16:26. 8 on a t r a j e c t o r y  
that  would have  provided  with no m i d c o u r s e  c o r r e c t i o n  a to t a l  m i s s  of 28. 5 
m i l e s  f r o m  the  t a rge ted  a i m i n g  point of to. 8 3  d e g r e e  la t i tude  and 24. 00 
d e g r e e s  longitude. Dur ing  t r a n s i t ,  s u n  acquis i t ion ,  s o l a r  pane l  deployment ,  
DSIF acquis i t ion ,  i n i t i a l  commanding and i n t e r r o g a t i o n s ,  s t a r  acqu i s i t i on  and  
ve r i f i ca t ion ,  and the  fir st midcour se  m a n e u v e r s  w e r e  all success fu l ly  e x e -  
cuted.  Af te r  the  fir s t  m i d c o u r s e  maneuver ,  the s p a c e c r a f t  encoun te red  a 
h e l i u m  r e g u l a t o r  p r o b l e m ,  and a s e r i e s  of addi t iona l  v e r n i e r  bu rns  w e r e  
p e r f o r m e d  to a id  in  a s u c c e s s f u l  landing on the  moon. 

The  e a r t h  t r a c k  t r a c e d  b y  Surveyor  V is  shown in F i g u r e  4-1. Spec i f ic  
e v e n t s  such  as  sun and Canopus  acquis i t ion,  t he  six m i d c o u r s e  c o r r e c t i o n s ,  
and touchdown a r e  shown. 
s t a t ions  a r e  given in  T a b l e  4-2. 

The  predic ted  view p e r i o d s  f o r  the  t r a c k i n g  

4. 1. 1 SDacecraf t  T r a n s i t  P h a s e  Command Log 

A deta i led  list of s p a c e c r a f t  c o m m a n d s  sen t  d u r i n g  the  t r a n s i t  f l ight  
is p r e s e n t e d  in Tab le  4-3. 
s e n t ,  a s  we l l  as  the  t r ack ing  station or ig ina t ing  the  command .  

T h i s  table  inc ludes  the t i m e  t h e  c o m m a n d  w a s  

4- 1 



TABLE 4-1. SURVEYOR V MISSION MILESTONES 

G M T ,  
Event  day: h r  : m i n :  s e c  

Launch 251:07:57:01. 257 

S e pa r a t  ion -e le c t r i c a1 d i s co nne c t * 
S e p a r  a t  ion -me c hanica l  ( in jec t  ion):: 

Automat ic  sun  acquis i t ion  comple ted  

A / S P P  s o l a r  pane l  unlocked 

A / S P P  s o l a r  panel  locked in t r a n s i t  
posi t ion 

A / S P P  r o l l  ax is  locked in t r a n s i t  
PO s i t ion 

In i t ia l  DSS acquis i t ion (one  -way)  
c on  f i r m e d::< 

Ini t ia l  DSS acquis i t ion ( two-way lock )  
c o nf i r m e d::: 

F i r s t  ground command  sent  t o  
s p a c e c r a f t  
Canopus ver i f ica t ion  be g ins  

Canopus lockon 

F i r s t  p r e m i d c o u r s e  (nomina l )  252:01:32:57. 0 
maneuver  executed 

Fir s t  midcour  se t h r u s t  executed  252:01:45:02. 3 

Second midcour  s e  t h r u s t  ( sun l ine )  252:02: 12:02. 2 
exe  cut ed 
T h i r d  midcour  s e  t h r u s t  ( an t i  - sunl ine)  
e xe cu te  d 

F o u r t h  midcour  s e  t h r u s t  executed 

F i f th  midcour  s e  t h r u s t  executed  

Sixth midcour  s e  t h r u s t  executed  

Sun r eacqu i red  252:23:39:28 

C an  o pu s r e a c qu i r  e d 252:23:46:37 

Ini t ia t ion of ro l l  maneuver  ( t e r m i n a l  254: 00: 12: 15. 1 
de  s c e n t )  

Ini t ia t ion of yaw m a n e u v e r  

251:08: 16:21. 34 

251:08:16:26. 8 

251:08:27: 11 

25 1:08: 16:27. 965 
251: 08: 22: 29 

251:08:25: 

2 5 1 : 08: 24: 25 

251:08:30: 11 

251:08:36:59. 8 

251: 14: 10: 01 

251 : 14: 27: 52 

252:02:39. 50.6 

252:04: 18:48. 4 

252: 08: 24: 03. 7 

2 52: 23: 30: 58. 0 

254:OO: 16:20. 5 
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T a b l e  4-  1 ( con t inued)  

Event  
GMT, 

day:hr :min:sec  

S e l e c t  nomina l  t h r u s t  (150  pounds)  

E n t e r  r e t r o  d e l a y  (12. 325 s e c o n d s )  

R e t r o  sequence  mode  on 

AMR power  on 

F l i g h t  c o n t r o l  t h r u s t  p h a s e  power  on 

AMR e n a b l e  

AMR mark:: 

AMR backup m a r k  ( f r o m  command  

V e r n i e r  ignition': 

R e t r o  ignition::< 

RADVS p y r o  swi tch  (EP33):: 

RADVS on (R28)': 

ROD VS:: 

0730)::: 

R OR A:: 

3. 5 - g  signal:: 

R e t r o  burnout  ( F C  -30):: 

E m e r g e n c y  r e t r o  e j e c t  command  
(0732)  

R e t r o  e j e c t  command  (p lus  two-way 
t r an sm i s s ion  t i m e  ) 

R e t r o  e j e c t  ( F C  -31):: 

R e t r o  e j ec t ed  (V4):: 

V e r n i e r  engine high t h r u s t  command 
[ 0725)  

254: 00:23: 18. 5 

254:00:24:48. 8 

254: 00: 38: 57. 3 

254: 00: 40: 00. 4 

254:00:41:00. 4 

254: 00:43:00. 9 
254:00:44:39. 081iO. 025 

254:00:44:46. 38iO. 05 

254: 00: 44: 5 1. 426iO. 02 

254: 00:44: 52. 496iO. 05 

254:00:44:53. 256iO. 6 
254:00:44:53. 456*0. 6 
254:00:45:24. 155*0. 6 
254:00:45:20. 555*0.6 

254:00:45:31. 355*0.6 

254:00:45:31.495*0. 05 

254: 00: 45: 37. 9 

254:00:45:40. 36 

254:00:45:40. 395*0. 05 

254:00:45:40. 855*0. 6 
254:00:45:38. 4 

High t h r u s t  command  (p lus  two-way 
t r a n s m i s s i o n  t i m e  ) 

Sta r t  m a x i m u m  t h r u s t  ( F C  -78)::: 

E m e r g e n c y  s t a r t  p r o g r a m m e d  254:00:45:39. 9 
t h rus t  command  (0733)  

P r o g r a m m e d  t h r u s t  command  (plus 
:wo-way t r a n s m i s s i o n  t i m e )  

254:00:45:40. 86 

254:00:45:40. 955iO. 6 

254:00:45:42. 36 
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T a b l e  4 - 1  (cont inued)  

GMT,  
Even t  day:  h r :  m in: s e  c 

S t a r t  RADVS-control led d e s c e n t  
( F C  -42)':' 

Segmen t  in t e rcep t  ( r a n g e  = 8 7 8 f e e t ,  
v e r t i c a l  veloci ty  = 97 fps):: 

1000 -foot mark::: 

10 -fps mark::' 

3 4 -foot mark': 

254: 00: 45:42. 395*0. 05 

254:00:46:22. 33*0. 2 

254:00:46: 19.697*0. 05 

254:00:46:37. 097*0. 05  

254:00:46:42.697*0. 05 

Touchdown ( s t r a i n  gage):k 2 54: 00:  46 : 44. 3 9 7+ 0, - 0. 0 7 

In i t ia l  TV (18 200-l ine p i c t u r e s )  

Alpha s c a t t e r i n g  power  on 

E a r t h  s e a r c h ,  part  1 

Sun s e a r c h  and acquis i t ion  

E a r t h  s e a r c h  and  acqu i s i t i on  

TV 

Inve s t iga te  F C  - 16 a p p a r e n t  p r o b l e m  

Sun f ine  posit ioning 

E a r t h  f ine posit ioning, p a r t  1 

Deploy a lpha  s c a t t e r i n g  

E a r t h  f ine posit ion comple t e  

BCR to  unregulated b u s  

F l igh t  con t ro l  checkout  in 
p r e p a r a t i o n  fo r  s t a t i c  f i r e  

S ta t i c  f i r e  p repa ra t ion  
S ta t i c  f i r i n -  5 

R e t u r n  to  n o r m a l  

Spa  c e c r aft into I I s tandby " to  
r e d u c e  ba t t e ry  t e m p e r a t u r e  ( on and 
off)  

T o  - F r o m  

254:02:00:53 - 254: 02:38:42 

254:02:39:00 - 254:04:02:76 

254:02:58:15 - 254: 03:55:30 

254:03:56 - 254: 04:10:23 

254:05:14:36 - 254: 05:20:25 

254:05:30(+) - 254: 09:55 

254:09:55:24 

254: 10:43: 10 - 254: 11:30:32 

254:11:49:38 - 254: 12:09 

254: 12: 09 

254: 12: 1 8 ~ 2 5  - 254: 12:44:21 

254: 18:24 

255: 11: 30: 57 - 255: 12:53:08 

2 56: 04: 0 1: 05 

256: 05: 38: 08 

256: 06:06:28 

257: 1 O : O O  - 258:OO: 15 
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GMT,  

Signal  p r o c e s s i n g  e x p e r i m e n t  
(No. 1 5 )  

Bit  e r r o r  t e s t  (No .  17)  

1 

Antenna p a t t e r n  mapping sequence  

T i m e s  of A / S P P  posi t ioning fo r  
shade 
l u n a r  noon 

( 259:2400 = 260:OOOO ) 

B e s t  lock  f r equency  d e t e r m i n a t i o n  

Second b e s t  lock f r equency  
d e t e r m i n a t i o n  

Spec ia l  bit e r r o r  t e s t  

T V  gain m a r g i n  (No .  22)  

T h i r d  b e s t  lock f r e q u e n c y  

Combined  R F  and 
a s s e s s m e n t  (No.  

Sunse t  

s igna l  p rocess ing  
5 )  

Shadow t i m e s  on p a r t s  of 
s p a c e  c raft 

258:11:43 - 258:13:32 

258: 16: 00 258: 18: 06 
258: 21: 39 

259:04:40 - 259: 1 0 ~ 3 6  

258: 2 1:45 
259:04:16, 17:36, 20:13 
260: 23: 15  
26 1: 08: 30 

261:20:53 - 261:21:02 

262: 19:43 - 262:20: 15 

263: 12: 18 - 263: 14:33 

263: 15:30 - 263: 1 8 ~ 2 4  

263:20: 15  - 263:20:40 

264: 18:45 - 264:23:36 

265: 15:30 

267: 11:30 
t o  

(DSS -42) 
(DSS-6 1) 

.II 1- 

T e l e m e t r y  t i m e  rece ived .  

4-5 



. -- 
I -  
[ .  

4-6 

-- - - 1  

- .  I 

* .$ 

t 

r 
i 
” :  

i 
t 

. ,  
i. ~ . _. 

~ & 
. . ‘1 

. I  

1 

1 

c 
W 
v) 

(v 
P- 
v) 
v) a 

i 
J 

8 
8 
8 
II 
8 
1 
8 
I 
I 
8 
8 
I 
I 
8 
I 
I 
I 
8 



TABLE 4-2. PREDICTED VIEW PERIOD SUMMARY 

Stat ion 

DSS 72 Ascens ion  

DSS 5 1 Johanne sburj 

DSS 72 Ascens ion  

DSS 42  Tidbinbi l la  

DSS 72 Ascens ion  

DSS 42  Tidbinbilla 

DSS 61  Madr id  

DSS 61 M a d r i d  

DSS 5 1 Johannes  b u r  

DSS 11 Goldstone 

DSS 72 Ascens ion  

DSS 42 Tidbinbi l la  

DSS 11 Goldstone 

DSS 51 J o h a n n e s b u r j  

DSS 72 Ascens ion  

Event  

0 d e g r e e  
elevat ion r i s e  

5 d e g r e e s  
e levat ion r i s e  

0 d e g r e e  
elevation se t  

5 d e g r e e s  
e levat ion r i s e  

0 d e g r e e  
elevat ion r i s e  

5 d e g r e e s  
e l eva t ion  set  

5 d e g r e e s  
e levat ion r i s e  

5 d e g r e e s  
e levat ion set  

9 0  d e g r e e s  hour 
ang le  set 

5 d e g r e e s  
e l eva t ion  r i s e  

0 d e g r e e  
e l eva t ion  se t  

5 d e g r e e s  
e l eva t ion  r i se  

5 d e g r e e s  
e levat ion set  

270 d e g r e e s  hour  
ang le  r i s e  

0 d e g r e e  
elevat ion r i se  
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GMT 

S e p t e m b e r  1967 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

9 

9 

9 

9 

9 

H o u r s  

8 

8 

8 

9 

10 

12 

13 

20 

20 

21 

0 

0 

4 

9 

12 

vlinute s 

21 

2 4  

33 

1 2  

2 9  

38 

38 

20 

52 

2 

7 

18 

46 

3 5  

10  



T a b l e  4 - 2  (continued) 

Station 

DSS 61 Madr id  

DSS 42 Tidbinbi l la  

DSS 6 1  Madrid 

DSS 11 Goldstone 

DSS 51  Johannesbur  

DSS 72 Ascens ion  

DSS 42 Tidbinbilla 

DSS 11  Goldstone 

DSS 51 Johannesbur  

DSS 72 Ascens ion  

DSS 61 Madr id  

DSS 42 Tidbinbi l la  

DSS 11 Goldstone 

DSS 61 M a d r i d  

DSS 5 1 Johannesbur  

~ ~~~ ~ 

Even t  

5 d e g r e e s  
e levat ion r i se  

5 d e g r e e s  
e levat ion s e t  

5 d e g r e e s  
e levat ion set 

5 d e g r e e s  
e levat ion r ise  

90  d e g r e e s  hour  
ang le  s e t  

0 d e g r e e  
elevat ion s e t  

5 d e g r e e s  
e l eva t ion  r ise 

5 d e g r e e s  
e l eva t ion  set  

270 d e g r e e s  houi 
ang le  r i s e  

0 d e g r e e  
e levat ion r ise 

5 d e g r e e s  
e l eva t ion  rise 

5 d e g r e e s  
e levat ion s e t  

5 d e g r e e s  
e l eva t ion  rise 

5 d e g r e e s  
e l eva t ion  s e t  

90  d e g r e e s  hour  
ang le  s e t  
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GMT 

e p t e m b e r  1967 

9 

9 

9 

9 

9 

10 

10 

10 

10 

10 

10 

10  

10  

10 

10  

H o u r s  

14  

14 

21  

2 1  

21 

0 

0 

5 

9 

12 

14 

14 

21 

21 

21 

~ 

Minutes  

1 4  

19 

18 

24  

3 5  

41 

47  

20 

52 

2 5  

21  

3 4  

29 

37 

47 



8 
I 
I 
I 
8 
8 

C o m m a n d  
N u m b e r  

GMT, T e l e m e t r y  
Desc r ip t ion  h r : m i n : s e c  Mode Bit  R a t e  

0107 
0110 
0130 
0236 
0316 
0126 
0402 
0 4 0 1 ,  
0405 
0406 
0510 
0226 
023 7 
0216 
020 5 
023 1 
0227 
023 2 
0507 
0506 
0120 

0510 
023 1 
0227 
0226 
0105 
0306 
0127 
0106 
0121 
0220 
021 7 
0206 
0 704 
071 5 
0710 
0714 
0 703 
0 704 
0232 
0 506 
0205 

X m t r  Hi Volt  Off 
X m t r  Fil P w r  Off 
Xfe r  Sw B Lo P w r  
A I D  Is0 A m p  Off 
S P  Deploy Logic Off 
Xfe r  Sw A Lo P w r  
Step S P  Minus (x10) 
Step SP  Plus  (x5)  
S tep  Ro l l  Axis P l u s  (xi0)  
S tep  Ro l l  Axis Minus (x5) 
A E S P  Off 
Mode 1 
Low Mod S C O ' s  Off 
7 .35  k c  SCO On 
1100 bps  
Mode 4 
Mode 2 
ESP Off 
Mode 6 
Mode 5 
Select Omni  A 

08:36:59. 8 
37:06. 8 
37:07 .3  
42:20. 7 
42:21. 2 
42:21. 7 
43:27. 7 
43:35 .7  
44:24. 9 
44:25.4 
45:32. 7 
45:38. 7 
46:50. 2 
46:50. 7 
46:51. 2 
48:19. 2 
51:OO. 7 
52:49. 7 
52:55. 7 

08: 59: 59. 7 
12:19:0l.  7 

Dav 251 - DSS-61 

A E S P  Off 
Mode 4 
Mode 2 
Mode 1 
X m t r  B Fil P w r  On 
SP Sw On, B y p a s s  Off 
Xfe r  Sw B Hi P w r  
X m t r  Hi V o l t  On 
Select  Omni  B 
7 . 3 5  kc SCO Off 
33 kc SCO On 
4400 bps  
C r u i s e  Mode 
Man Delay Mode 
P o s  Angle Maneuver  
Sun and  Ro l l  
Sun-Star  Acq Mode On 
C r u i s e  Mode 
E S P  Off 
Mode 5 
1100 b p s  

13:47:45. 8 
47:54 .3  
51:16. 0 
54: 12. 2 
59: 17. 2 

14:02:28. 9 
03:27. 9 
03:28.4 
04:31. 2 
05:39. 6 
05:40. 1 
05:40. 6 
08:52. 1 
08: 52. 6 
08:53. 1 
1 O : O i .  6 
25:35.6 
30: 10. 0 
30:55. 1 
31:02. 5 

14:32:38. 5 
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Tab le  4-3 (cont inued)  

Sommand 
Number  D e s  c r i p  t ion 

GMT, 
h r  : min:  s ec 

0220 
0216 
0107 
0110 
0130 
0306 

T e l e m e t r y  
Mode 

0700 
0306 
0306 
0306 
0510 
023 1 
023 2 
0 506 
0306 
0 704 
0306 
0700 
0306 
0306 
0306 
0 704 
0 504 
0 204 
0 220 
0 500 

Bit  R a t e  

0505 
0502 
0501 

17.2 bps  
Coast  P h a s e  SCO's Off 
Coas t  P h a s e  I1 SCO On 

0306 
0502 

0205 
0702 
0510 
023 1 
0227 
0 226 
0232 
0506 
0 704 

02i6 

20:43: 01 
43: 12 
43: 26 

Hi Data  Ra te  S C O ' s  Off 
7.35 K c  SCO On 
Xmtr  Hi V o l t  Off 
Xmt r  Fil P w r  Off 
Xfer Sw B Lo P w r  
SP Sw On, Bypass  Off 

14:32:39.0 
32:39.5 
33:41. 0 
33:48. 5 
33:49.0 

15:08:26. 1 

Day 251 - DSS-51 

Iner t ia l  Mode 
SP Sw On, Bypass  Off 
SP Sw On, Bypass  Off 
SP Sw On, Bypass  Off 
AESP Off 
Mode 4 
E S P  Off 
Mode 5 
SP Sw On, B y p a s s  Off 
C r u i s e  Mode 
SP Sw On, Bypass  Off 
Ine r t i a l  Mode 
SP Sw On, B y p a s s  Off 
SP Sw On, B y p a s s  Off 
SP Sw On, Bypass  Off 
C r u i s e  Mode 
137. 5 bps 
Coas t  P h a s e  Clock  R a t e s  
7.35 Kc SCO Off 
Coas t  P h a s e  I SCO On 

15:45:51. 6 
55: 28.6 

16:42: 15. 3 
17:16:17.3 

22:06.  2 
22:16. 1 
26:39. 1 
26:50. 1 
44:05.0 

18:16:27. 9 
33:29.4 
34:28.3 
53:43. 8 

19:34:24. 5 
20:07:37. 8 

16:02. 3 
18:09. 8 
1820.3 
18:28. 3 
18:35. 8 

Dav 251 - DSS-72 

S P S w  On, B y p a s s  Off 
Coas t  P h a s e  SCOs Off 
7.35 Kc SCO On 
1100 bps  
Sun Acq Mode On 
AESP Off 
Mode 4 
Mode 2 
Mode 1 
ESP Off 
Mode 5 
C r u i s e  Mode 

21:38:54.6 
39:59. h 
40: 14. 1 
41:05.6 
43:57.6 
47:47.6 
47:56. 1 
53:24. 1 
56:43. 0 

22:OO: 58.0 

5 

4 

5 

01:05. 5 
23:40:33. 1 

4-10 

1100 

137. 5 

17.2 

1100 

. I  
1 
8 
I 
I 
8 
I 
I 
I 
8 
8 
I 
8 
I 
1 
I 
I 
B 
8 



Table 4 - 3  ( 

5 i 

Command  
N u m b e r  

1100 05 10 
0231 
0227 
022 6 
0232 
0506 
0220 
0221 
0222 
0222 
0222 
0223 
0216 

05  10 
0231 
0227 
0226 
0 105 
0 127 
0106 
0220 
02 17 
0206 
0704 
07 10 
3617 

M 1310 

07 14 
0702 
3617 

M 0523 

07 13  
0227 
022 6 
0521 
0700 
0720 
0 604 
0613 
0616 
0621 
3617 

ontinued) 

De  s c r iptio n 

A E S P  Off 
Mode 4 
Mode 2 
Mode 1 
ESP Off 
Mode 5 
33, 7 . 3 5 ,  3.9 kc SCOs Off 
G y r o  Spd Sig  P r o  On 
Next  G y r o  
Next  G y r o  
N e x t  G y r o  
G y r o  Spd Sig  P r o  Off 
7. 35 kc SCO On 

Dav  252 - 

A E S P  Off 
Mode 4 
Mode 2 
Mode 1 
X m t r  B Fil P w r  On 
Xfe r  Sw B Hi  P w r  
X m t r  H i  Vo l t  On 
37, 7 .35 ,  3.9 KcSCOsOff  
33 Kc  SCO On 
440 0 bp s 
C r u i s e  Mode 
P o s  Angle M a n e u v e r  
I n t e r l o c k  
Magnitude (360  BCD) 
(t 71, 9 d e g r e e s )  
Sun  and Roll  
Sun  Acq  Mode On 
In te r lock  
Magnitude ( 179 BCD) 
( -  35. 5 d e g r e e s )  
Yaw 
Mode 2 
Mode 1 
P r o p  S -Gage  P w r  On 
Ine r t i a l  Mode 
R e s e t  - S e t  IV  Outputs 
AMR H t r  Off 
V L 2  F T 2  T h e r  P w r  Off 
V L 1  O T 2  T h e r  Pwr Off 
V L 3  O T 3  T h e r  P w r  Off 
I n t e r l o c k  

4-11 

T e l e m e t r y  
hr :  min: s e c  GMT’  1 Mode 

23:41:38. 0 
41:45. 0 
45:46. 3 
48:46. 3 
53:48, 4 
53:55. 4 
55:Ol. 9 
55: 14. 4 
56: 37. 9 
57:26. 9 
58:02. 4 
58:46. 9 
58:56. 9 

DSS- 11 

00: 59: 38. 6 
59:44. 6 

01:02:42. 0 
05:55. 5 
13:26. 1 
15: 19. 4 
15: 19, 9 
15:55. 9 
15:56. 4 
15:56. 9 
25: 11. 0 
25: 11. 5 
25: 12. 0 
25: 12. 5 

32:57. 0 
36:26. 3 
36:26. 8 
36:27. 3 

38:06. 4 
39: 44. 9 
40:45. 8 
41:45. 8 
41:46. 3 
41:58. 3 
42:24. 4 
42:24. 9 
42:25. 4 
42:25. 9 

01:42:26. 4 

Bi t  R a t e  

440 0 



Table 4 - 3 (continuep) 
C o m m a n d  
Number  

0605 

0727 
3617 

d 0417 
3617 
072 1 
07 35 
07 35 
07 37 
07 37 
0522 
0516 
02 32 
0506 
061 1 
0614 
0617 
0 624 
05 10 
022 6 
07 10 
3617 

vi 0523 

0713 
0702 
3617 

vi 1310 
052 1 
0700 
0720 
0727 
3617 

vi 0305 

3617 
072 1 
07 35 
07 35 
07 37 
0522 
0516 
0702 
02 32 
0506 
3617 

D e s c r i p t i o n  

Unlk Rol l  A c t ,  Press 
VPS 
FC T-cp P w r  On 
[nt e r l o  c k 
Magnitude (143  BCD) 
[nt e r l o c  k 
V e r n i e r  Ignition No. 1 
E m e r  V e r n i e r  E n g  Off 
E m e r  V e r n i e r  E n g  Off 
F C  T - q ~  P w r  Off 
F C  T-cp P w r  Off 
P r o p  S -Gage  P w r  Off 
TD S-Gage  P w r  Off 
E S P  Off 
Mode 5 
VL2 T h e r  P w r  O n  
V L 1  T h e r  P w r  On 
V L 3  T h e r  P w r  On 
AMR H t r  On 
A E S P  Off 
Mode 1 
Pos Angle Maneuver  
Inter  lock  
Magnitude (179  BCD) 
(t 35. 5 d e g r e e s )  
Yaw 
Sun Acq  Mode On 
Inte r lo c k 
Magnitude (360 BCD) 
P r o p  S -Gage  P w r  O n  
Ine r t i a l  Mode 
R e s e t  Set IV Outpu t s  
F C  T-cp P w r  O n  
In te r lock  
Magnitude (101  BCD) 
(10. 1 seconds )  
Inter  lock  
V e r n i e r  Ignition No 2 
E m e r  V e r n i e r  Eng Off 
E m e r  V e r n i e r  E n g  Off 
F C  T-cp P w r  Off 
Prop  S-Gage  P w r  Off 
T D  S-Gage  P w r  Off 
Sun A c q  Mode O n  
ESP Off 
Mode 5 
In te r lock  

GMT 
hr :  min: s e c  

0 1: 42: 2 6. 9 

43: 16. 8 
43: 30. 9 
43.31. 4 
45:Ol. 8 
45:02. 3 
45: 19. 3 
45:20. 8 
45:34. 3 
45: 36. 3 
45:55. 3 
45:55. 8 
46:27. 8 
46:34. 3 
48:05. 8 
48:06. 3 
48:07. 3 
48:07. 8 
49: 49. 3 
49:55. 3 
52:50. 5 
52: 5 1. 0 
52:51. 5 

53:50. 9 
02:00:09. 2 

01:03. 2 
01:03. 7 
04:39. 7 
04:46. 2 
05.01. 3 
05:56. 6 
07:39. 2 
07:39. 7 

12:Ol. 7 
12:02. 2 
i2:14. 3 
12: 18, 8 
12:39. 4 
12:55. 9 
13:04. 3 
15:49. 1 
17:44. 1 
17:48. 6 

02:19:19. 6 

4-12 

T e l e m e t r y  
Mod e 

1 

5 

1 

5 

3 i t  R a t e  

4400 

0 1  
1 
8 
8 
1 
8 
8 
8 
8 
8 
8 
1 
8 
8 
1 
1 
8 
8 
I 



~ 

C o m m a n d  
N u m b e r  

M 3405 

0510 
0226 
0713 
052 1 
0700 
072 0 
0727 
3617 

M 0707 

3617 
M 0721 

0735 
0735 
3617 

M 0707 

3617 
072 1 
0735 
0735 
0737 
07 37 
0522 
05 16 
3617 

M 3405 

0713 
07 02 
02 05 
0220 
02 16 
01 07 
0110 
0130 
0232 
0506 
3617 

M 1310 

0714 
07 04  
0710 
3617 

De s c r i p t i o n  

Magnitude ( 9 0 1  BCD) 
(-180.  1 d e g r e e s )  
A E S P  Off 
Mode 1 
Yaw 
P r o p  S-Gage  P w r  On 
I n e r t i a l  Mode 
R e s e t  Se t  IV Outputs  
F C  T-CP P w r  On 
In t e r  l ock  
Magnitude (231  BCD) 
(23. 1 s e c o n d s )  
I n t e r  l ock  
Magnitude ( s e n t  by e r r o r )  
E m e r  V e r n i e r  Eng  Off 
Emer  V e r n i e r  E n g  Off 
In t e r  l ock  
Magnitude (231  BCD) 
(23. 1 s e c o n d s )  
I n t e r  l ock  
V e r n i e r  Ignition No 3 
E m e r  V e r n i e r  Eng  Off 
Emer  V e r n i e r  Eng Off 
F C  T-Cp P w r  Off 
F C  T-cp P w r  Off 
P r o p  S-Gage  P w r  Off .  
TD S-Gage  P w r  Off 
In t e r  l ock  
Magnitude (901 BCD) 
(t 180. 1 d e g r e e s )  
Yaw 
Sun Acq Mode On 
1100 bps  
33, 7..35, 3.9 kc SCO Off 
7 .35  kc SCO On 
X m t r  H i  Volt Off 
X m t r  Fil P w r  Off 
Xfer  Sw B LO P w r  
E S P  Off 
Mode 5 
tn t e r lock  
Magnitude (360 BCD) 
(-71. 9 d e g r e e s )  
Sun and R o l l  
C r u i s e  Mode 
Pos Angle Maneuver  
tnt e r lo ck 

4-13  

GMT,  
h r :min :  s e c  

02:19:20. 1 

20:18. 1 
20:22. 6 
24:33. 0 
33:29. 0 
33:34. 0 
33:40. 0 
34:07. 5 
35:25. 6 
35:26. 1 

37:35. 4 
37:35.9 
38:OO. 6 
38:02. 6 
38:39. 0 
38:39. 5 

39:50, 1 
39:50. 6 
40: 15. 5 
40: 17. 0 
40:35. 0 
40:37. 0 
41:OO. 1 
41:04. 6 
44: 35. 4 
44: 35. 9 

45:21. 9 
53:23. 5 
54:55. 9 
55:04. 4 
55: 11. 9 
55:41. 4 
55:45, 9 
55:50. 9 
56. 49. 9 

02:56:53. 9 
03: 59: 58. 6 

59:59. 1 

04:00:46, 5 
04: 18. 5 
04:31. 0 

04: 04: 54. 6 

T e l e m e t r y  
Mode Bit  R a t e  

4400 

1100 



T a b l e  4 - 3  (continued) 

C o m m a n d  
Number  

M 1227 

0714 
3617 

M 2026 

0713 
0510 
0226 
052 1 
0700 
0720 
0715 
0727 
3617 
072 1 

0735 
3617 
072 1 

0735 
3617 
072 1 

0735 
0735 
0737 
0737 
0522 
0516 

0700 
3617 

M 2026 

@ ? I 3  
0702 
3617 

M 1227 

07 14  
0704 
0227 
0231 

D e  sc r ip t ion  

Magnitude ( 3 4 3  BCD) 
( t 6 8 .  5 d e g r e e s )  
Sun and R o l l  
[nte r lock  
Magnitude ( 5 3 4  BCD) 
(t 106. 7 d e g r e e s )  
Yaw 
A E S P  Off 
Mode 1 
P r o p  S-Gage P w r  On 
Iner t ia l  Mode 
Rese t  S e t  IV Outputs  
Man Delay  Mode On 
F C  T-cp P w r  On 
Inter lock 
Vernier  Ignition No  4A 
(12. 1 s e c o n d s )  
E m e r  V e r n i e r  Eng  Off 
Inter lock 
Vernier  Ignition N o  4B 
(0 .5  second)  
E m e r  Vern ie r  Eng  Off 
Inter lock 
Vernier  Ignition No 4C 
( 0 . 5  second)  
E m e r  V e r n i e r  E n g  Off 
E m e r  Vern ie r  Eng  Off 
F C  T-q  P w r  Off 
F C  T-cp P w r  Off 
P r o p  S-Gage  P w r  Off 
TD S-Gage  P w r  Off 

GMT,  
h r :min : sec  

04: 04: 55. 1 

05:54. 6 
08:44. 5 
08:46. 0 

09:33. 0 
13:38. 4 
13: 43, 9 
14:20. 4 
14:34. 9 
15:03. 9 
15:22. 9 
16:14. 5 
18:47. 9 
18: 48. 4 

19: 00. 5 
19:Ol. 0 
19:Ol. 5 

19:02. 0 
19:02. 5 
19:03. 0 

19:03. 5 
19:04. 0 
19:22. 5 
19:24. 0 
19:49. 5 

04:19:53. 5 

Day  252 - DSS-42 

Ine r t i a l  Mode 
Inter  l ock  
Magnitude ( 5 3 4  BCD) 
(-106. 7 d e g r e e s )  
Y a'"\' 
Sun Acq  Mode On 
Inter  l o c k  
Magnitude (343 BCD) 
(-68. 5 d e g r e e s )  
Sun and  R o l l  
C r u i s e  Mode 
Mode 2 
Mode 4 

04: 56: 37, 5 
57:32. 0 
57:32. 5 

58: 13, 0 
05:03:00. 5 

03:29. 5 
03:30. 0 

04: 10. 5 
07:51. 1 
26:43. 7 

05: 32: 52. 3 

4-14 

T e l e m e t r y  
Mode 

5 

1 

2 
4 

Bi t  R a t e  

1100 

1 
I 
8 
t 
8 
I 
I 
8 
I 
8 
8 
8 
1 
I 
I 
I 
I 
8 
I 



T a b l e  4 - 3  (continued] 

C o m m a n d  
N u m b e r  

0232 
0506 
0136 
06 04  
1136 
0510 
023 1 
0226 
023 1 
0232 
0506 
0135 
1137 
0624 
0105 
0127 
0106 
02 06 
0220 
0217 
0510 
0226 
0704 
0710 
3617 

M 1203 

0714 
36 17 

M 2 6 1 5  

0713 
052 1 
0700 
0720 
06 04  
0613 
06 16 
062 1 
3617 
06 05 
0727 
3617 

M 1213 

3617 
072 1 

De s c r ip t ion  

E S P  Off 
Mode 5 
C o m p  C T e m p  Cont On 
AMR H t r  Off 
S u r  C a m e r a  E T C  On 
A E S P  Off 
Mode 4 
Mode 1 
Mode 4 
ESP Off 
Mode 5 
C o m p  C Temp Cont Off 
S u r  C a m e r a  E T C  Off 
AMR H t r  On 
X m t r  B Fil P w r  On 
Xfer  Sw B H i  P w r  
X m t r  H i  Volt  On 
4400 bps  
33, 7.35, 3. 9 k c S C O s  Off 
33 kc SCO On 
A E S P  Off 
Mode 1 
C r u i s e  Mode 
POS Angle Maneuver  
I n t e r  l ock  
Magnitude ( 3 2 3  BCD) 
( t64 .  5 d e g r e e s )  
Sun and  R o l l  
I n t e r  lock 
Magnitude (717 BCD) 
( t143 .  3 d e g r e e s )  
Yaw 
Prop  S-Gage  Pwr On 
I n e r t i a l  Mode 
Rese t  Se t  IV Outputs  
AMR H t r  Off 
VL2 F T 2  T h e r  P w r  Off 
VL1  O T 2  T h e r  P w r  Off 
VL3 OT3 T h e r  P w r  Off 
I n t e r l o c k  
Unlk R o l l  Ac t ,  P re s s  V P S  
F C  T-cp P w r  On 
I n t e r l o c k  
Magnitude (331  BCD) 
(33. 1 s e c o n d s )  
In t e r lock  
V e r n i e r  Ignition No  5 

4-15 

~ ~ 

GMT,  
hr :min:  s e c  

u3:Lf33;Ju. 4 
44:02. 4 
46:47. 7 
48:45. 2 
50:45. 2 

06:05:45. 7 
05:53. 2 
15:27. 3 
2 9 : l l .  8 
38: 15. 8 
38:23. 8 
38:57. 3 
39:20. 3 

06:39:39. 8 
07:47: 18. 7 

49:24. 6 
49:35. 1 
50:29. 4 
51: 14. 6 
51:25. 1 
52:04. 1 
5 2 : l l .  1 

: 53: 04. 6 
53:30. 1 
53:51. 6 
53:52. 1 

54:30. 1 
57:54. 6 
57:55. 1 

58:31. 1 
08: 18:38. 2 

18:47. 0 
18:56. 0 
19:45. 0 
19:56. 0 
2 0: 04. 2 
20: 12. 2 
20:24. 2 
20:24. 7 
21: 10. 9 
22:34. 2 
22;34. 7 

24:03. 2 
08:24:03. 7 

n r  A - J . C L  

T e l e m e t r y  
Mode 

4 
5 

4 
1 
4 

5 

1 

Bit R a t e  

1100 

4400 



Table 4-3  (continued) 

C o m m a n d  
Number  

073 5 
0737 
0737 
0522 
0516 
0232 
0506 
061 1 
0614 
0617 
0624 
0510 
0226 
0700 
3617 

M 2615 

0713 
07 02 
3617 

M 1203 

0714 
0704 
0205 
0 2 2 0  
02 16 
0107 
01 10 
0130 
0136 
0700 
023 1 
0503 
02 04  
0220 
0215 
0226 
07 04 
0227 
0232 
0506 
0510 
023 1 
0105 
0127 
0106 

D e s c r i p t i o n  

E m e r  V e r n i e r  E n g  Off 
F C  T-cp P w r  Off 
F C  T-cp P w r  Off 
P r o p  S-Gage P w r  Off 
T D  S-Gage  P w r  Off 
ESP Off 
Mode 5 
VLZ T h e r  P w r  On 
VL1 T h e r  P w r  On 
VL3 T h e r  P w r  On 
AMR H t r  On 
A E S P  Off 
Mode 1 
Iner t ia l  Mode 
Inter lock 
Magnitude (717  BCD) 
(-143. 3 d e g r e e s )  
Yaw 
Sun Acq Mode On 
In t e r lock  
Magnitude (323 BCD) 
(-64.  5 d e g r e e s )  
S u n  and  Ro l l  
C r u i s e  Mode 
11 00 bps 
33, 7.35, 3. 9 K C  S C O s  Off 
7 .35  KC SCO On 
Xmtr  Hi Volt Off 
Xmt r  Fil P w r  Off 
Xfer Sw B Lo P w r  
Comp C T e m p  Cont On 
Ine r t i a l  Mode 
Mode 4 
550 bps 
Coas t  ? Clk R a t e s  
33, 7.35, 3.9 KC SCOsOff  
3.9 KC SCO On 
Mode 1 
Cruise  Mode 
Mode 2 
ESP Off 
Mode 5 
AESP Off 
Mode 4 
Xmtr  B Fil P w r  On  
Xfer S w  B H i  P w r  
Xmtr  H i  Volt On 

4-16  

GMT, 
h r : m i n :  sec 

08: 24: 38. 2 
25:OO. 9 
25:Ol. 9 
25:18. 9 
25:23. 9 
25:59. 0 
26:09. 7 
28:42. 7 
28:52. 2 
29:04. 2 
29: 11, 2 
29:58. 2 
30:04. 2 
32: 15. 7 
33:20. 7 
33:21. 2 

33:51. 2 
39:26. 7 
39:53. 7 
39:54. 2 

40:35. 2 
44:26. 7 
45:23. 7 
45:32. 7 
45:42. 7 
46:51. 2 
46:58. 7 
47:Ol. 2 
49: 13. 2 

09: 08: 32. 4 
21:03. 0 
22:oo. 4 
22: 15. 4 
22:23. 4 
22:30. 9 
55:12. 0 
56:50. 5 

10:02:03. 5 
05:40. 5 
05:47. 5 
1 1 : l O .  0 
11: 17. 0 
31:21. 6 
33: 18. 6 

10:33:26. 6 

T e l e m e t r y  
Mode 

1 

5 

1 

1 

4 

1 

2 

5 

4 

~ 

Bit R a t e  

4400 

1100 

550 

.I 
i 
8 
1 
1 
1 
8 
8 
8 
8 
1 
1 
8 
1 
8 
1 
1 
8 
8 



8 
8 
I 
I 
I 
I 
I 
I 
I 
8 
8 
I 
8 
I 
I 
8 
1 
I 
I 

02 32 ESP Off 12:54:44. 6 
0506 Mode 5 54:53. 7 
0510 AESP Off 59:46. 2 
0226 Mode 1 59:54. 2 
07 04  C r u i s e  Mode 13: 15:28. 6 
0702 Sun Acq  Mode On 17:56. 6 
023  1 Mode 4 53:27. 5 
0232 E S P  Off 13: 56:45. 9 

e 
Table 4 - 3  (continued) 

5 

1 

4 

C o m m a n d  
N u m b e r  

022 0 
0200 
0207 
3501 
3515 
3516 
35 12 
3510 
3507 
3515 
3517 
3523 
3516 
3513 
3 507 
35 16 
3 522 
3512 
3511 
3520 
3517 
3513 
3 522 
3502 
0237 
0215 
0107 
01 10 
0130 
0135 
0226 
0700 
0232 
05 06 
0510 
0226 

Descr ip t ion  

33, 7.35, 3 . 9 s c o s  Off 
Low Mod SCO On 
Pre  Sum A m p  On 
Alpha S c a t  P w r  On 
Alpha Det  1 and 2 Off 
P r o t o n  De t  1 and 2 Off 
P r o t o n  Det  3 and 4 Off 
Cal ibra t ion  On 
Alpha De t  1 On 
Alpha Det  1 and 2 Off 
P r o t o n  Det  1 On 
Alpha Det  2 On 
P r o t o n  De t  1 and 2 Off 
P r o t o n  De t  2 On 
Alpha Det  1 On 
P r o t o n  De t  1 and 2 Off 
P r o t o n  De t  3 On 
P r o t o n  D e t  3 and 4 Off 
P r o t o n  D e t  4 On 
Cal ibra t ion  Off 
P r o t o n  De t  1 On 
P r o t o n  De t  2 On 
P r o t o n  D e t  3 On 
Alpha S c a t  P w r  Off 
Low Mod SCO Off 
3 .9  kc SCO On 
X m t r  Hi  Volt Off 
X m t r  Fil P w r  Off 
Xfe r  Sw B Lo P w r  
C o m p  C T e m p  Cont Off 
Mode 1 
I n e r t i a l  Mode 
ESP  Off 
Mode 5 
A E S P  Off 
Mode 1 

GMT,  
h r :min : sec  

10: 34:43. 6 
34:53. 6 
35:03. 1 
36:47. 6 
51: 18. 6 
51:28. 6 
51:36, 1 
55: 17 ,  6 
59: 19. 2 

11:02: 18. 4 
02:33. 2 
05:23. 2 
05:33. 2 
05:42. 7 
08:25. 7 
08:34. 4 
08:44. 5 
12:21.2 
12:30. 7 
15:31. 7 
15:40. 7 
15:50. 4 
15: 58. 7 
27:43. 2 
29:22. 7 
29:30. 8 
30:20. 4 
30:27. 8 
30:33. 8 
31:50. 4 
32:50. 8 
39:31. 3 
44: 17. 8 
44:25. 3 
47:09. 8 

11:47:16. 8 

T e l e m e t r y  
Mode 

4 

1 

5 

1 

Bit  R a t e  

550 

4-17 



Table 4 - 3  

59:04. 8 
59:44. 4 

20:59:50. 4 
1 

~~ ~ 

Command  
Number  

1 

0506 
0510 
0227 
0226 
0232 
0506 
0704 
0700 
0510 
02 26 
023 1 
0232 
05 06 
0510 
0226 

0232 
0506 
0510 
0226 
07 04 
0700 
0232 
0506 
0510 
023 1 
02 26 
0227 
0232 
0506 
0510 
0226 
023 1 
0232 
0506 
0510 
0226 
07 04  

0700 
0232 
0506 

:ontinued) 

D e  s c r i p t  ion 

Mode 5 
AESP Off 
Mode 2 
Mode 1 
ESP Off 
Mode 5 
C r u i s e  Mode 
Ine r t i a l  Mode 
AESP Off 
Mode 1 
Mode 4 
ESP Off 
Mode 5 
AESP Off 
Mode 1 

ESP  Off 
Mode 5 
AESP Off 
Mode 1 
C r u i s e  Mode 
Ine r t i a l  Mode 
E S P  Off 
Mode 5 
AESP Off 
Mode 4 
Mode 1 
Mode 2 
E S P  Off 
Mode 5 
AESP Off 
Mode 1 
Mode 4 
ESP Off 
Mode 5 
AESP Off 
Mode 1 
C r u i s e  Mode 

GMT,  
h r : m i n :  sec 

13: 56: 53. 4 
14:01:06. 4 

01:16. 9 
04:17. 7 

15:02:25. 6 
02:33. 6 
08:09. 0 
10:41. 0 
11:28. 0 
11: 36. 5 

16:04:27. 2 
17:OO. 2 
17:07. 7 
24:23. 6 

16:24:32. 1 

Day 252 - DSS-61 

17: 12:20. 2 
12:26. 2 
15:23. 1 
15: 28. 6 
18:08. 1 
59:58. 5 

18: 00: 32. 4 
00:36. 4 
11: 12. 7 
11: 17. 2 
16:03. 2 

19:09:56. 3 
12:46. 9 
12:51. 4 
16: 17. 8 
16:21. 8 

20:00:59. 0 
05:25. 7 
05:30. 2 
09:48. 9 
0?:54. 4 
10:23. 4 

Day  252 - DSS-51 

T e leme t r y 
Mode 

Ine r t i a l  Mode 
ESP Off 
Mode 5 

5 

2 
1 

5 

1 
4 

5 

1 

5 

1 

5 

4 
1 
2 

5 

1 
4 

5 

1 

5 

Bit R a t e  

550 

I ' 
8 
8 
I 
1 
I 
8 
8 
I 
I 
I 
I 
1 
I 
I 
I 
8 
8 
8 



a 
Table 4 - 3  (continued) 

Descr ip t ion  
Comrnanc 

N u m b e r  

0704 
0510 
023 1 
0227 
0226 
01 05  
0127 
01 06 
0220 
0217 
02 06 
0704 
3617 

M 1334 

0714 
3617 

M 1727 

0713 
0227 
0226 
052 1 
0700 
0720 
1134 
06 04  
0613 
06 16 
062 1 
3617 
0605 
0727 
3617 

M 0315 
3617 

M 0127 

3617 
072 1 
0735 
0735 
0522 
0737 
0737 

~~ ~ ~ ~~~~ 

T e l e m e t  r y GMT, 
hr :min:  s e c  Mode Bit R a t e  

C r u i s e  Mode 
A E S P  Off 
Mode 4 
Mode 2 
Mode 1 
X m t r  B Fil P w r  On 
Xfer  S W  B Hi P w r  
X m t r  Hi  Volt On 
33, 7.35, 3.9 k c  SCOsOff 
33 kc  S C O O n  
4400 bps 
C r u i s e  Mode 
In t e r lock  
Magnitude (380 BCD) 
(-75. 9 d e g r e e s )  
Sun and Ro l l  
In t e r lock  
Magnitude (503  BCD) 
(-100.  5 d e g r e e s )  
Yaw 
Mode 2 
Mode 1 
P r o p  S-Gage P w r  On 
I n e r t i a l  Mode 
R e s e t  Se t  IV Outputs  
Sur C a m e r a  VTC Off 
AMR H t r  Off 
V L 2  F T 2  T h e r  P w r  Off 
V L 1  O T 2  T h e r  P w r  Off 
V L 3  OT3  T h e r  P w r  Off 
I n t e r  l ock  
Unlk Ro l l  Act,  P r e s s  V P S  
F C  T-cF P w r  On 
I n t e r l o c k  
Magnitude 
I n t e r l o c k  
Magnitude ( 5 5  BCD) 
( 5 .  5 s e c o n d s )  
In t e r  l ock  
V z r n i e r  Ignition N o  6 
E m e r  Vern ie r  Eng  Off 
E m e r  V e r n i e r  Eng Off 
P r o p  S-Gage P w r  Off 
F C  T-cp P w r  Off 
F C  T-cp P w r  Off 

4-19 

21:48:51. 5 
22:34: 10. 0 

34: 17. 2 
35:58. 2 
38:03. 7 

23:04: 17. 6 
06:29, 5 
06:30. 0 
07:15. 5 
07:16. 0 
07:16. 5 
12:17. 5 
12:29. 0 
12:29. 5 

13:51. 0 
18:18. 0 
18:19. 0 

19:36, 4 
23:50. 0 
24:48. 9 
25:12. 0 
25:19. 9 
25:20. 4 
25:44. 1 
25:44. 6 
25:45. 1 
25:45. 6 
25:46. 1 
25:46. 6 
25:47. 1 
26:06, 5 
27:37. 3 

29:22. 5 
29:23. 0 

27Z3-7. a 

30:57. 5 
30:58.0 
31:06.0 
31:07.0 
31:23. 0 
31:29.0 

23:31:30. 5 

550 

4400 



Table 4 - 3  (continued,) 

Command  
Number  

02 32 
0506 
0611 
06 14  
0617 
0624 
0710 
3617 

M 1727 

0713 
0516 
0702 
0710 
36 17 

M 1334 

07 14  
07 04 
0510 
0227 
0503 
02 04  
0220 
02 1 5  
0107 
0110 
0130 
023 1 
02 32 
0506 

051 0 
0226 
0232 
0506 
0510 
023 1 
0227 
0226 
0700 
0232 
0506 
0510 
023 1 

D e  sc r  iption 

ESP  Off 
Mode 5 
VLZ T h e r  P w r  On 
VL1 T h e r  P w r  On 
VL2 T h e r  P w r  On  
AMR H t r  On 
P o s  Angle Maneuver  
In t e r lock  
Magnitude (503 BCD) 
(t 100. 5 d e g r e e s )  
Yaw 
T D  S-Gage P w r  Off 
Sun A c q  Mode On 
P o s  Angle Maneuver  
Inter  l ock  
Magnitude (380 BCD)  
( t75 .  9 d e g r e e s )  
Sun and  Ro l l  
C r u i s e  Mode 
AESP Off 
Mode 2 
550 bps 
Coas t  Cp C l k  R a t e s  
33, 7.35, 3.9 kc  SCOsOff 
3.9 kc SCO O n  
Xmtr  Hi  Volt Off 
Xmtr  F i l  P w r  Off 
Xfer S w  B Lo P w r  
Mode 4 
ESP Off 
Mode 5 

AESP Off 
Mode 1 
ESP Off 
Mode 5 
AESP Off 
Mode 4 
Mode 2 
Mode 1 
Ine r t i a l  Mode 
ESP Off 
Mode 5 
AESP Off 
Mode 4 

GMT, 
h r :min : sec  

23:32: 16. 5 
32:23. 9 
33:19. 0 
33:29. 9 
33:40. 3 
33:48. 9 
35:Ol. 3 
35: 10. 4 
35:lO. 9 

36:07. 0 
41:Ol. 6 
4 2 : l l .  5 
43:02. 8 
43: 10. 9 

43: 11. 4 
44:04. 9 
49:06. 7 
49:41. 8 
49:52. 8 
50:46. 7 
50:47. 2 
50:48. 2 
50:48. 7 
51:34. 8 
51:41. 3 
51:41. 8 
54:06. 3 
56:46. 8 
56:54. 3 

Day 253 -DSS-11 

00:07:48. 3 
07:54. 8 

01: 16: 00. 6 
16:06. 6 
21:59. 6 
22:04. 6 
27:36. 3 
34: 17. 2 
35:18. 7 
58:24. 1 
58:32. 6 

02:02:27. 1 
02:02:36. 1 

4-20 

T e l e m e t r y  
Mode 

1 
5 

2 

4 

5 

1 

5 

4 
2 
1 

5 

4 

3it R a t e  

4400 

550 



Table 4 - 3 (continued) 

C 0 m m an d 
~ N u m b e r  

0226 
02 32 
0506 

0510 
0231 
0227 
0226 
07 04  
0232 
0506 
0510 
0231 
0227 
0226 
0232 
0506 
0510 
023 1 
0615 
0227 
0226 
0232 
0506 
0510 
0231 
0227 
0226 
0232 
0232 
0506 
0510 
0231 
0227 
0226 
02 32 
0506 
0510 
023 1 
0504 
0503 
0227 
0226 
0232 

GMT, 
Desc r ip t ion  h r :min :  s e c  

Mode 1 
ESP Off 
Mode 5 

02:06:51. 5 
46:24. 9 
46:33. 8 

Day  2 5 3  - DSS-42 

A E S P  Off 
Mode 4 
Mode 2 
Mode 1 
C r u i s e  Mode 
ESP Off 
Mode 5 
A E S P  Off 
Mode 4 
Mode 2 
Mode 1 
ESP Off 
Mode 5 
A E S P  O f f .  
Mode 4 
OT2 T h e r  Pwr  O n  
Mode 2 
Mode 1 
ESP Off 
Mode 5 
A E S P  Off 
Mode 4 
Mode 2 
Mode 1 
ESP Off 
ESP Off 
Mode 5 
A E S P  Off 
Mode 4 
Mode 2 
Mode 1 
ESP Off 
Mode 5 
A E S P  Off 
Mode  4 
137. 5 bps  
550 bps 
Mode 2 
Mode 1 
ESP Off 

4 -2  1 

03:16:12. 2 
16:20. 2 
23:36, 2 
30:14. 7 

04:33:03. 4 
3 4 ~ 1 1 .  4 
34:20. 4 
42:40. 4 
42:49. 4 
51:52. 0 
58:35. 5 

06:05:35. 7 
05:46. 2 
1 3 : l l .  7 
13:21. 7 
20:07. 8 
20:57. 9 
24:36. 7 

07: 08: 14. 9 
08:23. 9 
14:22. 4 
14:32. 9 
17:41. 4 
20:30. 1 

08: 14: 37. 6 
16:08. 6 
16:18. 1 
22:35. 1 
22:45. 1 
28:26. 1 
30:16. 6 

09: 17:35. 8 
17:43. 8 
23:OO. 8 
23:12. 3 
2 5 : l l .  8 
27:56. 3 
30:29. 3 
32:46. 3 

10:16:42. 0 

T e l e m e t r y  
Bit Ra te  

1 

5 

4 
2 
1 

5 

4 
2 
1 

5 

4 

2 
1 

5 

4 
2 
1 

5 

4 
2 
1 

5 

4 

2 
1 

550 

5 50 

137. 5 
550 



- .  

Command  
Number  De  s c r  iption 

0506 
0510 
023 1 
0227 
0226 
0232 
0506 
0510 
023 1 
0227 
0226 

T ele metr y 
Mode 

GMT, 
h r  : min:  se  c 

0232 
0506 
0510 
023 1 
0227 
0226 
07 02 
041 1 
0232 
0506 
0510 
0231 
0227 
0226 
0232 
0506 
0510 ' 

023 1 
0227 
0226 
07 04 
0700 
0232 
0506 
0510 
0231 
0227 
0226 
0232 
0506 
0510 
023 1 
0227 

D a y  253 - 

ESP Off 
Mode 5 
AESP Off 
Mode 4 
Mode 2 
Mode 1 
Sun Acq Mode On 
Comp A H t r  P w r  On 
E S P  Off 
Mode 5 
AESP Off 
Mode 4 
Mode 2 
Mode 1 
E S P  Off 
Mode 5 
AESP Off 
Mode 4 
Mode 2 
Mode 1 
C r u i s e  Mode 
Ine r t i a l  Mode 
E S P  Off 
Mode 5 
AESP Off 
Mode 4 
Mode 2 
Mode 1 
E S P  Off  
Mode 5 
AESP Off 
Mode 4 
Mode 2 

Mode 5 
AESP Off 
Mode 4 
Mode 2 
Mode 1 
E S P  Off 
Mode 5 
AESP Off 
Mode 4 
Mode 2 
Mode 1 

DSS-51 

12:52:29. 0 
52:35. 9 
56:55. 2 
57:Ol. 7 
59:37.4 

13:04:23. 3 
05:03. 3 
31:Ol. 8 

14:05:44. 0 
05:51. 5 
11:25. 0 
11:32. 5 
15:06. 0 
18:53. 0 

15: 09: 54. 7 
1o:oo. 7 
14:18. 5 
14:33. 7 
20:16. 7 
22:33. 7 
24: 13. 2 
27:08, 1 

16: 17:24, 4 
17:32. 9 
23:23. 7 
23:33. 4 
26:25. 9 
30: 13. 8 

17:24:58. 8 
25:05. 3 
29:21. 5 
29:28. 0 

17:34:32, 5 

10: 16:51. 4 
28:36. 5 
28:46. 5 
30:34. 0 
32: 16. 6 

11:38:13. 2 
38:22. 2 
41:07. 2 
41:16. 7 
42: 5 1. 7 
44:25. 2 

4-22 

5 

4 
2 
1 

5 

4 
2 
1 

Bi t  R a t e  

550 

5 

4 
2 
1 

5 

4 
2 
1 

5 

4 
2 
1 

5 

4 
2 
1 

5 

4 

I 

i 2  



1 -  

I 
1 
I 
I 
I 
I 
I 
8 
II 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

.. 
1 a D L e  4-5 \contlnuedj 

C ommanc  
Number  

0226 
0136 
07 04 
0710 
36 17 

M 3404 

0713 
3617 

M 3405 

07 13  
07 04 
0232 
0506 
0510 
0231 
0227 
0226 
0232 
0506 
05 10 
0231 
1136 
0227 
02 26 
023 1 
3503 
02 26 
0232 
0506 

0510 
0231 
0227 
0226 
0232 
0506 
0510 
023 1 
0227 
0226 
0232 
0506 
0220 

Descr ip t ion  

Mode 1 
C o m p  C T e m p  Cont On 
C r u i s e  Mode 
Pos Angle Maneuver  
In  t e r loc k 
Magnitude (900  BCD) 
(t 180 d e g r e e s )  
Yaw 
In te r lock  
Magnitude (901 BCD) 
(+180 d e g r e e s )  
Yaw 
C r u i s e  Mode 
E S P  Off 
Mode 5 
A E S P  Off 
Mode 4 
Mode 2 
Mode 1 
ESP Off 
Mode 5 
A E S P  Off 
Mode 4 
S u r  C a m e r a  E T C  On  
Mode 2 
Mode 1 
Mode 4 
Alpha Sca t  H t r  P w r  On 
Mode 1 
ESP Off 
Mode 5 

GMT, 
h r :min : sec  

17:37:33. 0 
43:57. 0 
59:42. 4 

18:10:36. 8 
11: 18. 8 
l l : 1 9 .  3 

12: 15. 8 
22:09. 8 
22: 10. 3 

22:51. 6 
30:13. 5 
32: 02.. 7 
32:09. 2 
37:oo. 2 
37:07. 2 
56:26. 6 

1 9 : O l : O l .  1 
31:28. 5 
31:37. 4 
35:03. 4 
3 5 : l l .  4 
37:25. 4 
41:51. 4 
49:OO. 8 

20:12:33. 7 
29:52. 1 
39:57. 8 

21:15:50. 5 
15:58. 5 

D a y  253 -DSS-11 

A E S P  Off 
Mode 4 
Mode 2 
Mode 1 
E S P  Off 
Mode 5 
AESP Off 
Mode 4 
Mode 2 
Mode 1 
ESP Off 
Mode 5 
33, 7.35, 3.9 kc SCOs Off 

51:06. 9 
51:14. 4 
56:06. 3 
59:07. 8 

22:01:30. 9 
01:39. 3 
32:48. 7 
32:56. 1 
34:20. 9 
36:20. 6 
38:32. 1 
38:39. 6 

22:45: 19. 6 

4-23 

T e l e m e t r y  
Mode 

1 

5 

4 
2 
1 

5 

4 

2 
1 
4 

1 

5 

4 
2 
1 

5 

4 
2 
1 

5 

Bit R a t e  

550 



Table 4-3 { 

Command 
Number  

022  1 
0222 
0222 
0222 
0223 
0215 
0124 
0123 
041 3 
1133 
0507 
0510 
023 1 
0105 
0127 
0106 
0220 
0216 
0205 
0214 
0211 
0227 
0226 
0232 
0506 

052 1 
0515 
0517 
0124 
0704 
0710 
36 17 

M 1322 

0714 
3617 

M 2226 

0713 
02 07 
0722 
36 17 

M 0727 

ontinued) 
~ ~~ 

Desc r ip t ion  

Gyro Spd S ig  P r o  On 
Next Gyro  
Next Gyro  
Next Gyro  
Gyro Spd S i g  P r o  Off 
3 .9  kc SCO On 
Xpdr P w r  Off 
Xpdr B P w r  On 
Comp A H t r  P w r  Off  
Sur C a m e r a  V T C  On 
Mode 6 
AESP Off 
Mode 4 
Xmt r  B Fil P w r  On 
Xfer Sw B H i  P w r  
Xmtr  Hi  Volt On 
33, 7.35, 3.9kc SCOsOff  
7 .35 k c  SCO On 
1100 bps 
Sum A m p s  Off 
P h a s e  S u m  A m p  B On 
Mode 2 
Mode 1 
E S P  Off 
Mode 5 

GMT,  
h r : m i n : s e c  

22:45:29. 6 
46:29. 6 
49:28. 5 
50:13. 5 
50:44. 0 
50:54. 5 
53:47. 4 
55:32. 5 

23:40:34. 3 
41:26. 8 
42:21, 7 
44:32. 9 
44:40. 2 
49:57. 7 
51:40. 8 
51:41. 3 
52:17. 7 
52: 18. 2 
52: 18. 7 
54:39. 7 
54:40. 2 
55:23. 7 
57:05. 2 
59:06. 2 

23: 59: 13. 2 

Dav  254 -DSS-11 

P r o p  S-Gage  P w r  On 
TD S-Gage  P w r  On 
TD S -Gage D -Ch On 
Xpdr P w r  Off 
C r u i s e  
Pos  Angle Maneuver  
In te r lock  
Magnitude ( 3  70 BCD) 
( t73 .  8 d e g r e e s )  
Sun and R o l l  
Ir,t e r 10 c k 
Magnitude (598  BCD) 
(t 119. 6 d e g r e e s )  
Yaw 
P r e  S u m A m p  On 
Selec t  N o m  T h r  B i a s  
Inter  l ock  
R e t r o  Seq  De lay  (247  BCD) 
(1 2 . 3  s e c o n d s )  

4-24  

00: 00: 3 1. 4 
03:07. 6 
03:08. 1 
04:21. 1 
08:57. 9 
08:58. 4 
08:58. 9 
08:59. 4 

12:15. 1 
15:24. 6 
15:25. 1 

16:20. 5 
21:38. 0 
23:18. 5 
24:48. 3 

00:24:48. 8 

T e lem e t  r y 
Mode Bit  R a t e  

550 

1100 

I 
8 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 



I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 

Table 4 - 3  (continued) 

C o m m a n d  
N "E he r 

0507 
0720 
36 17 
0724 
0613 
06 16 
062 1 
1134 
1137 
06 04  
0135 
3504 
0625 
0727 
0626 
0730 
0732 
072 5 
0733 
0737 
0737 
3617 
0630 
3617 
0630 
3617 
0311 
36 17 
0311 

De sc r ip t ion  

Mode 6 
R e s e t  Se t  IV Outputs  
In t e r  l ock  
R e t r o  Seq  Mode O n  
VL2 F T 2  T h e r  P w r  Off 
V L 1  O T 2  T h e r  P w r  Off 
V L 3  O T 3  T h e r  P w r  Off 
S u r  C a m e r a  VTC Off 
S u r  C a m e r a  E T C  Off 
AMR H t r  Off 
C o m p  C T e m p  Cont Off 
Alpha Sca t  H t r  Off 
AMR P w r  On 
F C  T-cp P w r  On 
Enable  AMR 
E m e r  AMR Signal  
E m e r  R e t r o  E j e c t  
V e r n i e r  Eng  Hi Thrus t  
E m e r  S t a r t  P g r m d  T h r u s t  
F C  T-cp P w r  Off 
F C  T-cp P w r  Off 
In t e r  loc k 
RADVS P w r  Off 
In t e r lock  
RADVS P w r  Off 
In t e r lock  
All F C  P w r  Off 
Int e r lo c k 
All  F C  P w r  Off 

GMT,  
h r : m i n :  s e c  

00:30:07. 5 
31:54. 5 
38:56. 4 
38:56. 9 
39: 11. 4 
39: 12. 4 
39:12. 9 
39:13. 4 
39: 13. 9 
39: 14. 4 
39:15. 4 
39:15. 9 
40:OO. 4 
41: 00..4 
43:OO. 9 
44:43. 9 
45:37. 9 
45:38. 4 
45:39. 9 
47:39. 4 
47:40. 9 
48:24. 3 
48:24. 8 
48:25. 3 
48:25. 8 
48:26. 3 
48:27. 3 
48:27. 8 

00:48:28. 3 

T e l e m e t r y  
Mode 

6 

3it R a t e  

1100 

I 
4-25 



4. 1 . 2  P re l aunch  Countdown 

Until  the  T-5M hold on GMT d a y  251, t h e r e  w a s  j u s t  one suspec ted  
anomaly ,  which w a s  r e p o r t e d .  At T-35M,  it w a s  noted that  the r e c e i v e r  A 
s i g n a l  l eve l  w a s  va ry ing  w 100 BCD while  r e c e i v e r  B s i g n a l  l e v e l  w a s  s teady .  
T h i s  p rob lem w a s  r e s o l v e d  when A F E T R  p e r s o n n e l  w e r e  ab le  to show tha t  t he  
s igna l  became  s t e a d y  when the  ground an tenna  ( through which the  l aunch  t e a m  
w a s  communica t ing  with the  s p a c e c r a f t )  w a s  moved.  
n o r m a l l y  until  T - 5 M ,  when the  bui l t - in  10-minute  hold w a s  extended f o r  18 
m i n u t e s  because  of an uns tab le  condi t ion in  the  A t l a s  p rope l l an t  u t i l i za t ion  
s y s t e m ,  r e su l t i ng  in  a lif toff  f r o m  pad 36-B on 251:07:57:01. 257 GMT a t  a 
launch  az imuth  of 79. 517 d e g r e e s .  

T h e  countdown p r o c e e d e d  

P e r f o r m a n c e  v a l u e s  f o r  t r a n s i t  f l igh t  a r e  s u m m a r i z e d  in  Tab le  3-2. 

4. 1. 3 Launch, Inject ion,  and Sepa ra t ion  

The  parking o r b i t  boos t  phase  w a s  n o r m a l ,  with the A t l a s  r o l l  and 
p i t ch  p r o g r a m s  and the  n o r m a l  opening and c los ing  of t he  s p a c e c r a f t  i n e r t i a  
swi tch  being conf i rmed by s p a c e c r a f t  t e l e m e t r y .  F i g u r e  4 -2  shows the m a j o r  
e v e n t s  of the  t r a j e c t o r y  through sepa ra t ion  as s e e n  in prof i le .  Tab le  4 - 4  c o n -  
t a i n s  A t l a s l C e n t a u r  m a r k  e v e n t s  as  we l l  as s p a c e c r a f t  t e l e m e t r y  ve r i f i ca t ion  
of Cen tau r  -init iated c o m m a n d s ,  
s e p a r a t i o n  f rom the s p a c e c r a f t ,  the  C e n t a u r  i s s u e d  the  p r e p r o g r a m m e d  
c o m m a n d s  "extend landing g e a r s ,  1 1  "extend o m n i  an tennas ,  1 1  and " t r a n s m i t t e r  
high power  on, I '  all of which are v e r i f i e d  by  s p a c e c r a f t  t e l e m e t r y .  
t ion of Centaur  and  Surveyor  o c c u r r e d  i m m e d i a t e l y  t h e r e a f t e r .  

Subsequent  t o  in jec t ion  and ju s t  p r i o r  to i t s  

Separa- 

Fol lowing sepa ra t ion ,  s o l a r  pane l  s tepping  w a s  in i t ia ted ,  the cold g a s  
j e t s  w e r e  enabled,  and the  ro l l -yaw sequence  t o  a c q u i r e  the  sun w a s  ini t ia ted.  
T h e  poor  quali ty of d a t a  p reven ted  e f fec t ive  mon i to r ing  of the  s o l a r  pane l  
s tepping and the s p a c e c r a f t  m a n e u v e r s  t o  a c q u i r e  the sun. 
s o l a r  -panel  -axis s tepping t o  the  t r a n s i t  pos i t ion ,  A / S P P  r o l l  -axis s tepping  
t o  the  t r a n s i t  posi t ion,  and ach ievemen t  of sun lock  on w e r e  f ina l ly  
accompl i shed .  

Ver i f i ca t ion  of 

4. 1 . 4  DSIF Acquisi t ion 

At 251:08:24:25 GMT, the  s p a c e c r a f t  b e c a m e  v is ib le  to  DSS 51 
( Johannesburg ) ,  which achieved  one-way lock  a t  t h i s  t ime .  
GMT,  the  acquis i t ion  w a s  comple ted  when two-way lock w a s  e s t ab l i shed  
between DSS 51 and the  s p a c e c r a f t .  

At 251: 08: 30: 11 

The  f i r s t  ground -cont ro l led  sequence  ( in i t i a l  s p a c e c r a f t  o p e r a t i o n s )  

In addi t ion,  c o m m a n d s  w e r e  s e n t  t o  the  s p a c e c r a f t  t o  
w a s  in i t ia ted  at L t39M59S b y  command ing  off the  t r a n s m i t t e r  high vol tage  
and f i l a m e n t  power.  
t u r n  off o t h e r  equipment  r e q u i r e d  only  for the  launch -to -DSIF -acquis i t ion  
p h a s e  (e. g . ,  so l a r  pane l  deployment  logic  off and A / D  i so la t ion  a m p l i f i e r  
off) ,  to s e a t  the s o l a r  pane l  and r o l l  axis locking p ins  s e c u r e l y  (i. e . ,  by 
rocking  the  a x e s  b a c k  and f o r t h ) ,  to  swi tch  f r o m  the  550 bps- low-modula t ion-  
index  mode  to the 11 00 bps  - n o r m a l  -modulat ion - index m o d e ,  and t o  i n t e r r o g a t e  
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L a u n c h  V e h i c l e  
M a r k  N u m b e r  

1 

2 

3 

4 

5 

6 

7 

8 

- 

9 

10  

11  

12  

13 ,  14  

1 5  

- 

16 

- 

17 

- 

18 

- 

19 

- 

20 

2 1  

7 ,  L L  

2 3  

2 4  

2 5  

26  

TABLE 4-4. L I F T O F F  AND BOOST E V E N T S  

E v e n t  

Liftoff ( 2 - i n c h  m o t i o n )  

At las  b o o s t  e n g i n e  cutoff 
( B E C O )  

At las  b o o s t  e n g i n e  j e t t i s o n  

C e n t a u r  i n s u l a t i o n  p a n e  1 j e t t i  son 

C e n t a u r  n o s e  f a i r i n g  j e t t i s o n  

At las  S E C O  a n d  V E C O  

A t l a s l C e n t a u r  s e p a r a t i o n  

C e n t a u r  m a i n  e n g i n e  s t a r t  ( 1 )  

C e n t a u r  m a i n  e n g i n e  cutoff ( 1 )  

C e n t a u r  b u r n  d u r a t i o n  (1) 

100-pound t h r u s t  on 

100-pound t h r u s t  off 

6 -pound t h r u s t  on  

100-pound t h r u s t  on  

C e n t a u r  m a i n  e n g i n e  s t a r t  ( 2 )  

C e n t a u r  m a i n  e n g i n e  cutoff ( 2 )  

C e n t a u r  b u r n  d u r a t i o n  ( 2 )  

Extend  landing  g e a r  c o m m a n d  

L e g s  d o w n  ( t e l e m e t r y )  

Unlock o m n i d i r e c t i o n a l  a n t e n n a  
c o m m a n d  

O m  n i s e x t e n d  e d ( t e l e  m e t  r y ) 

S u r v e y o r  h igh  p o w e r  t r a n s -  
m i t t e r  on 

High p o w e r  on ( t e l e m e t r y )  

C e n t a u r  / S u r v e y o r  e l e c t r i c a l  
d i s c o n n e c t  

Vehic le  e l e c t r i c a l  s e p a r a t i o n  
( t e l e m e t r y )  

Space  c r a f t  s e p a r a t i o n  

Begin C e n t a u r  t u r n  a r o u n d  
m a n e u v e r  

S t a r t  C e n t a u r  l a t e r a l  t h r u s t  

End C e n t a u r  l a t e r a l  t h r u s t  

S t a r t  C e n t a u r  t a n k  b lowdown 

E n d  C e n t a u r  t a n k  b lowdown 

Pow e r c h a n  ge  o v e  r s w i t c h 

A c t u a l  
T i m e ,  G M T ,  

h r :  m i n :  s e c  

07:57:01 .  257  

07:59:34. 6 5  

07:59:38. 0 5  

0 8 : O O :  19.6  5 

08:00:49. 9 

08:01:07. 7 

08:Ol:  1 0  

08:01:20 .  3 

08:06:48. 3 

- 

08:06:51. 3 

08:08:15 .2  

08:08:06 

NA 

08:13:32. 2 

08:15:25. 2 

08: 15:45. 5 

08:15:47. 8 t l .  2 

08 :15:55 .7  

08:15:56. 8*0. 2 

08:16:16. 0 

08:16:16. O i l .  2 

08: 16:22. 2 

08:16:21 .  34*0. 03 

08:16:26. 8 

08:17:29. 8 

NA 

NA 

08:20:26. 8 

08:24:37. 2 

08:26:16. 5 
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i c t u a l  T i m e  
F r o m  L a u n c h ,  

s e c o n d s  

0. 0 

153. 4 

156. 8 

198. 4 

228. 6 

246. 4 

248. 7 

259. 0 

587. 0 

(328 .  0 )  

590. 0 

673 .  9 

664. 7 

NA 

990. 9 

1103. 9 

(113 .  0 )  

1124. 2 

1126. 5 

1134. 4 

1135. 5 

1154. 7 

1154. 7 

1160. 9 

1160. 0 

1165. 5 

1228. 5 

NA 

NA 

1405. 5 

1655. 9 

1755. 2 

Jo in ina l  T i m e  
' rom L a u n c h ,  

s e c o n d s  

0. 0 

153. 5 

156. 6 

198. 5 

228. 5 

248. 2 

250. 2 

259. 7 

5 7 9 . 2  

(319 .  5 )  

5 7 9 . 2  

655 .  6 

6 5 5 . 6  

946. 5 

986. 5 

1099. 4 

( 1 1 2 . 9 )  

1120. 5 

1131. 0 

1146. 0 

1157. 0 

1162. 5 

1167. 5 

1207. 5 

1227. 5 

1402. 5 

1652. 5 

1752. 5 

\ l u m i n a l  T i m e  
F r o m  

s e c o n d s  
S e p a r a t i o n ,  

- 216. 0 

- 176. 0 

- 63. 1 

- 42. 0 

- 3 1 . 5  

- 1 1 . 0  

- 5. 5 

0. 0 

5. 0 

45. 0 

65. 0 

240. 0 

490. 0 

590. 0 

a 1  
1 
i 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
B 
1 
I 
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t e l e m e t r y  c o m m u t a t o r  m o d e s  so that the  o v e r a l l  condition of the  s p a c e c r a f t  
could be a s s e s s e d .  All  s p a c e c r a f t  r e s p o n s e s  to  c o m m a n d s  w e r e  n o r m a l .  

Dur ing  the  p e r i o d  when t h e  irilila: s p c e c r a f t  eperztinnc. seqi ience s 
w e r e  being executed ,  two p a r t i c l e s  p a s s e d  through the  f ie ld  of view of the 
Canopus  s e n s o r .  
should be delayed.  
i m p l e m e n t  the  
mi t t i ng  r e c e i v e r  A t o  lock on  t o  the ground t r a n s m i t t e r  s igna l  s i n c e  the  
r e c e i v e r  w a s  a l r e a d y  t r a c k i n g  the  s igna l  in the  A F C  mode.  

T h e r e f o r e ,  it was decided tha t  the  c r u i s e  mode  on command  
Also ,  it w a s  de t e rmined  that  t h e r e  would be no need to  

if - r e q u i r e d t 1  sequence f o r  t u rn ing  on t r a n s p o n d e r  A f o r  p e r  - 

4. 1. 5 Coas t  P h a s e  I Including CanoDus Acauis i t ion  

T h e  s p a c e c r a f t  continued to c o a s t  n o r m a l l y  with its p i tch-yaw a t t i tude  
con t ro l l ed  t o  t r a c k  the  sun and with i t s  r o l l  axis held i n e r t i a l l y  f ixed.  T r a c k -  
ing and t e l e m e t r y  d a t a  w e r e  being obtained by the  u s e  of t r a n s m i t t e r  B o p e r  - 
a t ing  in low power  in the  t r ansponder  mode .  

At Lt4H3M,  both DSS 5 1  and DSS 42 r e p o r t e d  poor  da t a  qua l i ty  and 
a r e l a t i v e l y  low s igna l  l e v e l  (.y -138 d b m ) .  
c r a f t  r o l l  o r i en ta t ion  being s u c h  that t h e  e a r t h / s p a c e c r a f t  v e c t o r  w a s  in  a 
nul l  r eg ion  of omnid i r ec t iona l  antenna B ( s i n c e  the  s p a c e c r a f t  w a s  not yet  
locked on t o  Canopus) .  
1 )  switching s p a c e c r a f t  t r a n s m i s s i o n  to omnid i r ec t iona l  an tenna  A o r  2 )  c o m -  
mand ing  a lower  s p a c e c r a f t  d a t a  t r a n s m i s s i o n  rate. At Lt4H22MOlS,  the  
c o m m a n d  w a s  s e n t  to swi tch  spacec ra f t  t r a n s m i s s i o n  t o  omnid i r ec t iona l  
an tenna  A. 
improved .  

T h i s  w a s  a t t r i bu ted  to the s p a c e -  

At th i s  point, two a l t e r n a t i v e s  w e r e  poss ib l e :  

The  s igna l  s t r e n g t h  r o s e  t o  -125 dbm,  and the  qual i ty  of t he  d a t a  

T h e  p r e  -star ve r i f i ca t ion  eng inee r ing  in t e r roga t ion  w a s  in i t ia ted  at 
Lt5H50M54S. 
t r i pped  off s ince  the  b a t t e r y  voltage had built  u p  to o v e r  27 vol ts .  It w a s  
r e c o m m e n d e d  tha t  t i m e  ( approx ima te ly  15  m i n u t e s )  be allowed t o  p e r m i t  the  
b a t t e r y  t o  d i s c h a r g e  un t i l  the  ba t t e ry  vol tage  d e c r e a s e d  below the  s o l a r  pane l  
swi t ch  t r ip  level .  
m i t t e r  B f i l amen t  power  w a s  turned  on  a t  Lt6H2M16S.  At Lt6H5M28S,  t h e  
s o l a r  pane l  swi tch  w a s  commanded b a c k  on. 
switching to omnid i r ec t iona l  antenna B w e r e  commanded  a t  L t6H6M27S and 
6H7M30S. Switching t o  omnid i r ec t iona l  an tenna  B r e s u l t e d  in  a d e c r e a s e  in 
s igna l  l e v e l  of a p p r o x i m a t e l y  20  d b ,  ve r i fy ing  tha t  t he  e a r t h / s p a c e c r a f t  v e c t o r  
w a s  s t i l l  i n  a d e e p  nul l  of omnid i r ec t iona l  an tenna  B. 

Dur ing  the  in t e r roga t ion  of mode  4, the solar p a n e l  switch 

In t e r roga t ion  of m o d e s  2 and 1 w a s  n o r m a l ,  and t r a n s -  

T r a n s m i t t e r  B high vol tage and 

T h e  s p a c e c r a f t  r o l l  sequence  for  obtaining the  star m a p  and f o r  l o c k -  
ing  on to  Canopus  w a s  ini t ia ted at Lt6H13MOlS. 
lut ion,  s t a r  in tens i ty  s igna l s  f r o m  10 s t a r s  ( T a b l e  4 -5 )  in  addi t ion t o  Canopus ,  
and a s t r o n g  e a r t h  s igna l  w e r e  identified.  
179 d e g r e e s  of ro l l .  
251: 14:27:52 GMT a f t e r  s o m e  539. 4 d e g r e e s  of ro l l .  
to  coas t ing  with its roll a t t i tude  being cont ro l led  so tha t  its star s e n s o r  
r e m a i n e d  locked to Canopus.  

Dur ing  the  star map r e v o -  

Canopus  w a s  r ecogn ized  a f t e r  
Automat ic  Canopus acquis i t ion  w a s  accompl i shed  at 

The  vehic le  r e t u r n e d  
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Coas t  mode  d a t a  w e r e  t r a n s m i t t e d  cont inuous ly  a t  1100 bps  v i a  
t r a n s m i t t e r  B ope ra t ing  in t h e  t r a n s p o n d e r  mode  un t i l  Lt9H25M3S when a 
s p e c i a l  mode 4 i n t e r roga t ion  w a s  ini t ia ted to  obta in  a l p h a  s c a t t e r i n g  s e n s o r  
head and e l ec t ron ic  t e m p e r a t u r e s  (which a r e  on ly  ava i l ab le  in  mode  4). D u r  - 
ing t h i s  in te rva l ,  t he  s o l a r  p a n e l  switch t r i p p e d  five m o r e  t i m e s  and had t o  
be commanded back  on. 
its t r a n s m i s s i o n  of coas t  mode  d a t a  at Lt9H29M37S.  
r e d u c e  the  spacec ra f t  d a t a  r a t e  in i t ia l ly  f r o m  1100 to  137. 5 bps  and then  t o  
17. 2 bps t o  p e r m i t  DSS 72 (which w a s  the  only  s ta t ion  having v is ib i l i ty  of t h e  
s p a c e c r a f t )  to ob ta in  s a t i s f a c t o r y  data .  T h e  d a t a  r a t e  w a s  l a t e r  i n c r e a s e d  to 
1100 bps when DSS 11 a c q u i r e d  the  s p a c e c r a f t .  

T h e  s p a c e c r a f t  w a s  c o m m a n d e d  t o  swi tch  b a c k  t o  
I t  w a s  n e c e s s a r y  t o  

In  the pe r iod  f rom the  r e t u r n  to c o a s t  mode  d a t a  un t i l  m i d c o u r s e ,  the  
s o l a r  pane l  switch t r ipped  six m o r e  t i m e s ,  r e q u i r i n g  the switch to be c o m -  
manded back  on repea ted ly .  Coas t  m o d e  d a t a  w e r e  t r a n s m i t t e d  a t  all t i m e s  
d u r i n g  t h i s  i n t e rva l  excep t  f o r  eng inee r ing  i n t e r r o g a t i o n s  of m o d e s  4, 2, and 
1 ( the  l a t t e r  two being the  p r e m i d c o u r s e  i n t e r r o g a t i o n s )  and  the  p r e m i d c o u r  s e  
g y r o  speed check  ( a t  Lt15H58M12S).  
one ro l l -only  d r i f t  c h e c k  w e r e  a l s o  m a d e  d u r i n g  t h i s  phase .  

Two t h r e e - a x i s  g y r o  d r i f t  c h e c k s  and 

4. 1. 6 Midcourse  C o r r e c t i o n s  

A number  of m i d c o u r s e  c o r r e c t i o n s  w e r e  executed  du r ing  the  t r a n s i t  
p h a s e  of Surveyor  V to  1)  c o r r e c t  l u n a r  i m p a c t  condi t ions ,  2 )  a t t e m p t  t o  
r e s e a t  the  leaky he l ium va lve ,  3 )  bu rn  off p rope l l an t  to r e d u c e  the  m a i n  
r e t r o  burnout  veloci ty ,  and 4) i n c r e a s e  g a s  vo lume  in  t h e  p rope l l an t  t a n k s  
so tha t  m a x i m u m  prope l l an t  could be  expel led in  the  t e r m i n a l  phase .  
c o r r e c t i o n s  w e r e  m a d e ,  with only the  f i r s t  and l a s t  c o r r e c t i o n s  based  upon 
o r b i t  de te rmina t ion .  

S ix  

A d e s c r i p t i o n  of e a c h  m a n e u v e r  and r a t iona le  fol lows:  

1)  The first c o r r e c t i o n  w a s  computed  to c o r r e c t  the  t r a n s i t  p h a s e  
t r a j e c t o r y  provided  by the  A t l a s / C e n t a u r  boost  veh ic l e  t o  a l low 
touchdown at the  d e s i r e d  m i s s i o n  a i m  point. The m a n e u v e r  w a s  
based  upon 16 h o u r s  of t r a c k i n g  and cons i s t ed  of a 14. 25-second 
engine burn.  

2 )  The second c o r r e c t i o n  w a s  executed  22 m i n u t e s  l a t e r  a s  a n  
e m e r g e n c y  attempt t o  r e s e a t  t he  l e a k y  he l ium va lve  o b s e r v e d  
following the  first co r rec t ion .  As  t i m e  w a s  c r i t i c a l ,  the  eng ines  
w e r e  igni ted while  the  s p a c e c r a f t  w a s  locked upon the  sun. T h e  
engine bu rn  of 10. 05 seconds  moved  the  s p a c e c r a f t  impac t  point 
f r o m  the  d e s i r e d  s i t e  to  the  e a s t  1600 km. 
locat ion would have  been 2. 89"N, 77. 52'E, with a n  unbraked  
impact  angle  of 81. 5 d e g r e e s .  

T h e  new impac t  
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TABLE 4-5. DESCRIPTION O F  SURVEYOR V STAR MAP 

R o l l  Angle From 
S t a r t  of Maneuver ,  

d e g r e e s  

0 

65. 7 

82. 2 

88. 9 

91. 9 

125 .6  

179 .8  

215.8 

233. 8 

2 4 0 . 4  

267. 1 

323 .8  

4 2 5 . 8  

442 .2  

448. 5 

4 8 5 . 2  

5 3 9 . 4  

Objec t  in  S ta r  S e n s o r  
F ie ld  of View 

( S t a r t  of r 011) 

Z e t a  Ophiuchi 

A n t a r  e s f 
T a u  Scorp i i  

Ob jec t  1 

Ob jec t  2 

G a m m a  T r  
A u s t r a l i s  

Canopus 

Alpha L e p o r i s  

Aln i tak  / 
Aln i l amf  
Mintaka 

Be l l a t r  ix 

E a r t h  

P o l a r i s  

Z e t a  Ophiuchi 

A n t a r e s  f 
T a u  Scorp i i  

Ob jec t  1 

G a m m a  T r  
Au str ali  s 

Canopus 

Angle F r o m  Canopus,  
d e g r e e s  

Ac tua l  

-179. 8 

-114. 1 

- 97.6  

- 91 .0  

- 8 7 . 9  

- 54 .3  

35. 9 
53. 9 

60. 5 

87. 3 

144. 0 

246. 0 

262. 4 

268. 7 

305. 4 

P re f l igh t  P r e d i c t i o n  

-113. 9 
- 97 .81  
- 9 6 . 3  
- 
- 

- 5 4 . 1  

36. 4 

52.01 
52. 91  
53. 9 
60. 7 

88 

144. 2 

246. 1 

262. 21 
263. 7 
- 

305. 9 

3 )  T h e  t h i r d  c o r r e c t i o n  was  made  27 m i n u t e s  l a t e r  as  a n  addi t iona l  
a t t e m p t  t o  r e s e a t  t he  he l ium valve.  T o  p r e v e n t  compounding the  
landing s i t e  e r r o r ,  the s p a c e c r a f t  w a s  yawed -180 d e g r e e s  and 
the  eng ines  w e r e  then igni ted f o r  23. 05 seconds .  T h i s  r e s u l t i n g  
de l t a  ve loc i ty ,  d i r ec t ly  a w a y  from the  sun,  moved t h e  s p a c e c r a f t  
i m p a c t  point  2685 k m  to the wes t ,  p a s t  t he  o r i g i n a l  t a r g e t  point 
and into luna r  night. The i m p a c t  point  w a s  then  0. 86"N,  347. 9 9 " E ,  
with a n  unbraked  impac t  angle  of 20. 7 d e g r e e s .  
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The  f o u r t h  m i d c o u r s e  c o r r e c t i o n  w a s  executed  1 h o u r ,  39 m i n u t e s  
l a t e r  as  an a t t e m p t  t o  a )  r e s e a t  t he  l e a k y  he l ium va lve ,  b )  b u r n  
off p rope l lan t  to  r e d u c e  r e t r o  burnout  ve loc i ty ,  and c )  r e t u r n  to  
the o r i g i n a l  t a r g e t  point. A new t r a j e c t o r y  w a s  ca l cu la t ed  tha t  
included f l ight  path changes  due  to  t h e  f i r s t  m i d c o u r s e ,  the  s u n -  
l ine m i d c o u r s e ,  and the  an t i - sun l ine  m i d c o u r s e .  T h e  new t r a -  
j e c t o r y  w a s  then  used  t o  d e t e r m i n e  a c r i t i c a l  p lane  ve loc i ty ,  t o  
null  m i s s ,  of 8. 30 m / s e c  which  w a s  combined  with a t11. 0 m / s e c  
nonc r i t i ca l  ve loc i ty  component  t o  i n c r e a s e  t i m e  of f l ight  and 
r educe  burnout  veloci ty .  T h e  t o t a l  c o r r e c t i o n  w a s  d e t e r m i n e d  t o  
be 13. 81  m / s e c  (14. 09 seconds  of bu rn ) .  The  a c t u a l  c o r r e c t i o n ,  
modified in  a n  a t t e m p t  to  r e s e a t  t h e  h e l i u m  va lve ,  w a s  conducted 
a s  a 12. 0-second burn followed by two 0. 5 -second b u r n s  a t  1- 
second i n t e r v a l s .  

The fif th c o r r e c t i o n  w a s  executed  4 h o u r s ,  6 m i n u t e s  l a t e r  t o  
f u r t h e r  r e d u c e  the  r e t r o  burnout  ve loc i ty  and  m a x i m i z e  u s a b l e  
propel lan t  i n  the  t e r m i n a l  p h a s e  by  i n c r e a s i n g  g a s  vo lume  in the  
propel lan t  tanks .  The s p a c e c r a f t  w a s  r e o r i e n t e d  to a l low the  
de l t a  ve loc i ty  t o  be d i r e c t e d  t o w a r d  the  pos i t ive  n o n c r i t i c a l  
d i r ec t ion  so  as  t o  not s ign i f icant ly  change  the  l u n a r  i m p a c t  point 
but r e d u c e  the  i m p a c t  and r e t r o  burnout  ve loc i t i e s .  The  eng ines  
w e r e  burned  f o r  33. 0 s econds  fol lowing a r o l l - y a w  ro ta t ion  
s e que  n c e. 

The s ix th  and f ina l  m i d c o u r s e  c o r r e c t i o n  w a s  conducted 1 5  h o u r s ,  
7 m i n u t e s  l a t e r  and w a s  based  on 1 3  h o u r s  of t r ack ing .  T h i s  
c o r r e c t i o n  w a s  used  t o  a )  a d j u s t  s p a c e c r a f t  weight  and burnout  
ve loc i ty  and f u r t h e r  i n c r e a s e  g a s  vo lume  t o  op t ima l  v a l u e s ,  and 
b )  c o r r e c t  a 267-km r e s i d u a l  miss f r o m  mounta inous  t e r r a i n  
to the  o r i g i n a l  t a r g e t  point.  
to c o r r e c t  the  miss  w a s  d e t e r m i n e d  t o  be 3. 87 m / s e c ,  and the  
nonc r i t i ca l  component  (used  t o  ad jus t  t e r m i n a l  p a r a m e t e r s )  w a s  
calculated t o  be t 3 .  6 m / s e c .  The  to t a l  d e l t a  ve loc i ty  added to  
the s p a c e c r a f t  w a s  then  5. 32 m / s e c  ( a n  engine  burn  of 5 .45  
seconds) .  
2 3 .  19"E, a p p r o x i m a t e l y  30 k m  f r o m  the  o r ig ina l  t a r g e t  point. 

T h e  c r i t i c a l  p l ane  ve loc i ty  r e q u i r e d  

T h i s  m a n e u v e r  r e s u l t e d  in  a sof t  touchdown a t  1. 50"N,  

F i g u r e  4 - 3  shows the  v a r i o u s  i m p a c t  po in ts  on the  lunar  s u r f a c e  fo l -  
lowing e a r t h  inject ion and each  maneuver .  T a b l e  4-6 g ives  m a n e u v e r  t i m e s ,  
ro t a t ions ,  burn t i m e s ,  r e su l t i ng  i m p a c t  po in ts ,  and unbraked  i m p a c t  ang le s .  

4. 1. 7 C o a s t  P h a s e  I1 

In addition t o  the  n o r m a l  s p a c e c r a f t  o p e r a t i o n s  i n  the second c o a s t  
p h a s e ,  the  alpha s c a t t e r i n g  i n s t r u m e n t  w a s  o p e r a t e d  success fu l ly  f o r  C a l i  - 
b r a t i o n  p u r p o s e s .  S o m e  twelve  g y r o  d r i f t  c h e c k s  w e r e  p e r f o r m e d  d u r i n g  
t r a n s i t  t o  provide  a c c u r a t e  gy ro  rates f o r  t e r m i n a l  o p e r a t i o n s  planning. The 
g y r o  d r i f t  r a t e s  w e r e :  r o l l  ( t o .  8 5  d e g / h r ) ,  p i t ch  (+O. 60 d e g / h r ) ,  and yaw 
( - 0 .  60 d e g / h r ) .  
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T h e  p r e d i c t e d  r e t r o  engine t e m p e r a t u r e  at r e t r o  igni t ion w a s  also 
computed ,  and the  r e su l t i ng  engine b u r n  t i m e  of 39. 04 seconds  ( f r o m  
igni t ion t o  the  3500-pound t h r u s t  level  a t  engine  ta i lof f )  w a s  provided.  I t  w a s  
also r e c o m m e n d e d  tha t  no  co r rec t ion  be m a d e  f o r  t he  m e a s u r e d  e r r n r  nf 
0. 005 d e g / s e c  in the  yaw a t t i tude  maneuver  r a t e  s ince  t h i s  e r r o r  w a s  within 
the  m e a s u r e m e n t  accu racy .  

T h e  f ina l  t iming  d e s i r e d  in the  t e r m i n a l  d e s c e n t  sequence  f o r  u s e  in 
p r e p a r i n g  the  f ina l  t e r m i n a l  m e s s a g e  was :  1 )  e m e r g e n c y  AMR m a r k  to be 
s e n t  7 seconds  a f t e r  t he  p red ic t ed  t i m e  of AMR m a r k ,  2 )  e m e r g e n c y  r e t r o  
e j e c t  to be sen t  59 seconds  a f t e r  e m e r g e n c y  AMR m a r k ,  3 )  d e l a y  high t h r u s t  
t o  be s e n t  0. 5 second after e m e r g e n c y  re t ro  e j e c t ,  and 4) e m e r g e n c y  start 
RADVS c o n t r o l  to be sen t  1. 5 seconds  a f t e r  the de l ay  high th rus t .  Although 
t h i s  s equence  ini t ia ted the  doppler  s t e e r i n g  phase  approx ima te ly  4 seconds  
e a r l i e r  than n o r m a l ,  i t  did not begin t h i s  p h a s e  while  t he  r e t r o  engine w a s  
still burn ing  ( r e f l e c t i n g  the  r e s u l t s  of t e s t s  which ind ica ted  tha t  it would not  
be f e a s i b l e  to a t t e m p t  to  in i t ia te  the dopp le r  s t e e r i n g  p h a s e  be fo re  r e t r o  
eng ine  burnout  due  t o  sa tu ra t ion  of t he  a c c e l e r a t i o n  loop). 
of i n t e r e s t  r e g a r d i n g  t h i s  sequence  a r e :  
n o r m a l  au tomat i c  ini t ia t ion of t h e  v e r n i e r  engine  igni t ion,  r e t r o  engine 
igni t ion,  and RADVS t u r n  on by the a l t i tude  m a r k i n g  r a d a r  t r i g g e r  gene ra t ed  
a t  a s t a r t  r a n g e  of 6 0  m i l e s  f r o m  the s u r f a c e ;  2 )  the  commanded  de lay  time 
be tween  the  gene ra t ion  of AMR m a r k  and v e r n i e r  engine ignit ion w a s  i n c r e a s e d  
t o  a d j u s t  t he  r e t r o  engine  igni t ion a l t i tude  ( and r a n g e )  t o  the  d e s i r e d  l o w e r  
v a l u e s ;  and 3 )  the  t i m e  at which the e m e r g e n c y  AMR m a r k  command  w a s  
s e n t  to the  s p a c e c r a f t  w a s  s ignif icant ly  de layed  f r o m  i t s  n o r m a l  t i m e  t o  
e n s u r e  tha t  the  p robab i l i t y  of sending it too soon w a s  negl igible .  

T h r e e  o t h e r  po in ts  
1) the  sequence  w a s  based  on the  

4. 1. 8 T e r m i n a l  D e s c e n t  P h a s e  

T e r m i n a l  d e s c e n t  p r e p a r a t i o n s  w e r e  in i t ia ted  a t  Lt63H45M42S with 
The  ini t ia t ion of the  the  p e r f o r m a n c e  of the  l a s t  engineer ing  in t e r roga t ion .  

f irst  t e r m i n a l  d e s c e n t  m a n e u v e r  (a pos i t ive  r o l l  of 73. 9 d e g r e e s )  was  delayed 
un t i l  a Canopus  e r r o r  nu l l  w a s  observed .  S i m i l a r l y ,  ini t ia t ion of the second 
m a n e u v e r  ( a  pos i t ive  yaw of 119.5 d e g r e e s )  w a s  de layed  un t i l  the  sun s e n s o r  
yaw e r r o r  w a s  c r o s s i n g  i t s  nu l l  position. T h e s e  m a n e u v e r s  a l igned the  
r e t r o  engine  t h r u s t  axis to  the  d e s i r e d  d i r ec t ion .  
o r i e n t a t i o n  which r e s u l t e d  f r o m  these  m a n e u v e r s  w a s  s a t i s f a c t o r y  f r o m  a 
RADVS and t e l ecommunica t ion  standpoint,  t h e r e  w a s  no need to  execu te  a 
t h i r d  a t t i tude  m a n e u v e r .  

S ince  the  s p a c e c r a f t  r o l l  

T h e  two a t t i tude  m a n e u v e r s ,  as  we l l  a s  o t h e r  p r e r e t r o  igni t ion s p a c e -  
c r a f t  o p e r a t i o n s  (e .  g. , loading the p r o p e r  a l t i tude  - m a r k - t o - v e r n i e r  - igni t ion 
d e l a y  quant i ty  - 12. 325 seconds ,  e s t ab l i sh ing  r e t r o  sequence  mode  f o r  
e n s u r i n g  that  the d e s i r e d  au tomat ic  f l ight  c o n t r o l  s e q u e n c e s  would o c c u r  in  
r e s p o n s e  to  the  a l t i tude  r a d a r  m a r k ,  e s t ab l i sh ing  the  p r o p e r  v e r n i e r  engine  
t h r u s t  l eve l  - 150 pounds t o t a l  - f o r  t he  r e t r o  burn ing  p h a s e ,  tu rn ing  on 
f l ight  c o n t r o l  t h r u s t  phase  power ,  e t c .  ) w e r e  executed  o n  schedule  without  
a n y  difficulty.  In addition, the al t i tude m a r k i n g  r a d a r  w a s  tu rned  on a t  
Lt64H42M59S and enabled  a t  Lt64H46MOS. 
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T h e  au tomat ic  d e s c e n t  s equence  f o r  v e r n i e r  igni t ion,  r e t r o  igni t ion,  
and RADVS on w a s  ini t ia ted b y  the  a l t i tude  m a r k i n g  r a d a r  m a r k ,  c o n f i r m e d  
on  the  ground at 254:00:44:40 GMT. V e r n i e r  igni t ion,  r e t r o  igni t ion,  and 
RADVS turnon o c c u r r e d  at t h e  p r o p e r  t i m e  ( T a b l e  4-1). T h e  eng ines  w e r e  
t u r n e d  off au tomat ica l ly  by the  14-foot mark, and a sof t  landing w a s  ve r i f i ed  
f r o m  the  re ten t ion  of the  communica t ion  l ink and cont inued nomina l  s p a c e -  
c r a f t  pe r fo rmance ,  and l a t e r  b y  the  touchdown s t r a i n  gage  data.  The  he l ium,  
ox id ize r ,  and f u e l  t ank  p r e s s u r e s  w e r e  a p p r o x i m a t e l y  560 psia at touchdown,  
wi th  ev idence  tha t  v e r n i e r  engine  No. 
p r e s s u r e  sa tu ra t ion  du r ing  the  acquis i t ion  of t he  f ina l  d e s c e n t  s egmen t .  

1 and p e r h a p s  2 m a y  have  gone in to  

d 
1 
I 
I 
I 

S t r a i n  gage  d a t a  ind ica ted  tha t  touchdown o c c u r r e d  a t  a p p r o x i m a t e l y  
00: 46:44 
down of 1 
by l e g s  1 

GMT, with leg  1 touching the  s u r f a c e  f irst ,  followed by the  t o u c h -  , 

. egs  2 and 3 at p r a c t i c a l l y  the  s a m e  t i m e .  T h e  p e a k  loads  e x p e r i e n c e d  
- , 2, and  3 w e r e  a p p r o x i m a t e l y  1265, 1635, and 1640 pounds,  r e s p e c -  

t ively.  These  l e v e l s  a r e  ind ica t ive  of a landing  ve loc i ty  of a p p r o x i m a t e l y  
12  - 1 3 f p s  on a s u r f a c e  with a 4 - p s i  b e a r i n g  p r e s s u r e  and with a slope of 
approx ima te ly  17 d e g r e e s .  

4. 1. 9 In i t ia l  L u n a r  Opera t ion  

4. 1. 9. 1 

In a n  effor t  t o  m i n i m i z e  the  t i m e  r e q u i r e d  fo r  p l a n a r  a r r a y  e a r t h  

Ini t ia l  Pos t landing  Sun - E a r t h  Acquis i t ion 

acquis i t ion ,  sun acquis i t ion  w a s  bypassed  ini t ia l ly .  T h e  p l ana r  a r r a y  m a i n  - 
lobe w a s  swept ( fo r  e a r t h  acqu i s i t i on )  th rough a n  a rea  which would have  
allowed f o r  spacec ra f t  r o l l  and t i l t  u n c e r t a i n t i e s  of about 10  to 15  d e g r e e s ;  
however ,  the  h ighes t  s igna l  s t r e n g t h  o b s e r v e d  w a s  m o r e  than  20 d b  below 
the  ant ic ipated peak value.  L a r g e r  s w e e p s  of t he  main lobe  w e r e  p r e c l u d e d  
b e c a u s e  of a mechan ica l  i n t e r f e r e n c e  p r o b l e m  between the  s o l a r  pane l  and 
the  te lev is ion  c a m e r a  hood. T h i s  p r o b l e m  o c c u r r e d  b e c a u s e  of the  d e c i s i o n  
t o  k e e p  the  so l a r  axis pinned un t i l  a f t e r  sun  f ine  posi t ioning had been  p e r -  
f o r m e d  in  o r d e r  t o  i n c r e a s e  the  a c c u r a c y  of the  subsequent  a t t i tude  
de t e rmina t ion .  

I t  w a s  then dec ided  tha t  a c o a r s e  sun  acqu i s i t i on  should be p e r f o r m e d  
Knowing the  sun locat ion i n  s p a c e -  t o  r e d u c e  the  e a r t h  locat ion uncer ta in ty .  

c r a f t  coo rd ina te s  r e d u c e s  the  e a r t h  u n c e r t a i n t y  a r e a  to  a segmen t  of a r c  
about  t he  spacecraf t - sunl ine .  T h e  length  of t he  a r c  i s  d e t e r m i n e d  by  the  
a s s u m e d  amount  of s p a c e c r a f t  t i l t  about  t h i s  l ine.  
lobe  t o  the  n e a r e s t  end of an  a r c  c o r r e s p o n d i n g  t o  a 20 -degree  s lope ,  a s i g -  

Upon s tepping  t h e m a i n -  

n a l  s t r e n g t h  was de tec ted  which w a s  adequa te  f o r  600 -line t e l ev i - '  -1on. 

During  the  subsequent  sun  f ine  pos i t ion ing  f o r  a t t i tude  d e t e r m i n a t i o n ,  
the  s o l a r  panel  w a s  f i r s t  moved out of the  area of t e l ev i s ion  i n t e r f e r e n c e .  
Then ,  a f t e r  sun f ine  posit ioning, the  solar axis w a s  unpinned and the  s o l a r  
angle  w a s  s tepped negat ive  to r e m o v e  the  s o l a r  p a n e l  f r o m  the  i n t e r f e r e n c e  
r eg ion  du r ing  e a r t h  f ine  posit ioning. 
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No a n o m a l i e s  w e r e  obse rved  in the  p e r f o r m a n c e  of the  r edes igned  
S u r v e y o r  V m e c h a n i c a l  d r i v e s  dur ing  the in i t ia l  acquis i t ions .  I n c r e a s e d  
t o l e r a n c e s  in angu la r  posi t ion,  however ,  w e r e  r e spons ib l e  f o r  the  dec is ion  
not iu u1110ck ibe solar and eIevatior, axes un t i l  the  initia! ~ t t i t i ~ d e  d e t e r -  
mina t ion  w a s  comple ted .  
e a r t  h a c qui s it ion. 

Th i s  m a y  have  caused  s o m e  t i m e  l o s s  in the  in i t i a l  

Tab le  4 - 7  shows the  t i m e s  involved in the  Miss ion  E s u n / e a r t h  
acquis i t ion .  
w e r e  p e r f o r m e d  between 254: 10:43 GMT and 254: 12:44 GMT. 

T h e  in i t ia l  sun - e a r t h  f ine  pos i t ion ings  f o r  a t t i tude  de t e rmina t ion  

T A B L E  4-7. SURVEYOR V SUN-EARTH ACQUISITION TIMES 

Action - 
Space  c r a f t  touchdown 

~ 

GMT,  
day:hr :min:  s e c  

2 54: 00: 44: 48 

In i t ia te  e a r t h  s e a r c h  254:OZ: 58: 15 I 
Abandon e a r t h  s e a r c h  
and in i t ia te  sun s e a r c h  254:03:55:30 

Comple te  sun  acqu i s i t i on  254:04:10:23 

R e s u m e  e a r t h  s e a r c h  254:05:14:36 

C o m  pl  e t e e a r t  h a c qui s i t  ion 2 54: 05 : 2 0: 2 5 

4. 1. 9. 2 

T h e  p r i m a r y  method of Surveyor  V a t t i tude  d e t e r m i n a t i o n  on the  

Spacec ra f t  Atti tude De te rmina t ion  f r o m  A / S P P  Data  

l u n a r  s u r f a c e  w a s  based  on sun and e a r t h  pos i t ion  d a t a  obtained v i a  the  
ASPP.  
a s  a funct ion of t i m e ,  i t  w a s  poss ib le  t o  ca l cu la t e  a se l enograph ic - to -  
s p a c e c r a f t  t r a n s f o r m a t i o n  m a t r i x  once  the  c o r r e s p o n d i n g  s p a c e c r a f t  c o o r  - 
d i n a t e s  of the  two bodies  w e r e  es tab l i shed .  
p r o g r a m  (PLAS) w a s  used  t o  p e r f o r m  t h e s e  ca lcu la t ions .  Sun pos i t ion  w a s  
e s t ab l i shed  b y  s tepping  the  ASPP to a posi t ion tha t  m a x i m i z e d  output  of t h e  
s o l a r  pane l  s e c o n d a r y  sun  sensor  c e n t e r  c e l l ;  e a r t h  posi t ion w a s  e s t ab l i shed  
by  s tepping  t h e  A S P P  t o  a posit ion tha t  max imized  DSN r e c e i v e d  s igna l  
s t r e n g t h  f r o m  the  p l a n a r  a r r a y .  

S ince  the  se l enograph ic  coord ina te s  of the sun and e a r t h  w e r e  known 

T h e  S u r v e y o r  post landing a t t i tude  

For the  S u r v e y o r  V mis s ion ,  an  e r r o r  a n a l y s i s  fo r  e s t ab l i sh ing  
g imba l  pos i t i ons  w a s  p e r f o r m e d  from A S P P  c o m m a n d  s tep-count  da ta .  T h e  
s tep-count  method is based on the a s s u m p t i o n  tha t  e a c h  command  t o  t h e  
p o l a r  axis p r o d u c e s  0. 0685 d e g r e e  of mot ion  and e a c h  c o m m a n d  to  the  o the r  
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t h r e e  a x e s  p roduces  0. 1385 d e g r e e  of motion.  
a r e  a function of u n c e r t a i n t i e s  in the  pos i t i ons  of t he  A S P P  g i m b a l s  when 
sun and e a r t h  s igh t ings  are  obtained.  
sun  and e a r t h  v e c t o r  is a known quant i ty ,  a p a r t i a l  c o r r e c t i o n  of A S P P  g imba l  
e r r o r s  can  be p e r f o r m e d .  
mined  f r o m  the a n a l y s i s  of A S P P  e r r o r  s o u r c e s .  
a n a l y s i s ,  it i s  a l s o  poss ib l e  t o  p e r f o r m  a Monte  C a r l o  eva lua t ion  t o  e s t a b l i s h  
the  co r re spondence  between s p a c e c r a f t  X and  Y tilt t o l e r a n c e s  and pos i t ion  
e r r o r s  in the  f o u r  A S P P  g imba l  d r i v e  m e c h a n i s m s .  
left  pinned dur ing  a s u n - e a r t h  s ight ing,  a c c u r a c y  of tha t  s igh t ing  i s  i n c r e a s e d .  

Att i tude d e t e r m i n a t i o n  e r r o r s  

B e c a u s e  the  t r u e  angle  between the  

T h e  weight ing of c o r r e c t i o n  f a c t o r s  is d e t e r  - 
Using  t h i s  s a m e  e r r o r  

If a n  A S P P  a x i s  can  be 

Two at t i tude d e t e r m i n a t i o n s  w e r e  p e r f o r m e d  f o r  S u r v e y o r  V f r o m  
A S P P  s tep-count  d a t a .  
both the  so l a r  and e l eva t ion  axes pinned. 
a s s o c i a t e d  3a t o l e r a n c e s  a r e  given below. 
to  v e r n i e r  engine s t a t i c  f i r ing .  

T h e  fir st a t t i tude  d e t e r m i n a t i o n  w a s  p e r f o r m e d  with 
T h e  a t t i t ude  p a r a m e t e r s  and t h e i r  

T h i s  a t t i tude  w a s  eva lua ted  p r i o r  

Pr e-S t a t i c  F i r i n g  Spac  e c  r a f t  Att i tude 

= -2 .69  d e g r e e s  3 0  = 0.795 d e g r e e  

= -19. 34 d e g r e e s  3 0  = 0 .61  d e g r e e  

s lope  X 

s lope  Y 
Y 

Magnitude of s lope= 19. 50 d e g r e e s ,  d i r e c t i o n  = 26.2. 37 

R O I I  o r i en ta t ion  { X  axis cw f r o m  sel .  e a s t ]  

= 2. 19 d e g r e e s  306 6 = 24. 5-1 

E 
24. 51 d e g r e e s  

t Y  
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a 
I 
I 
I 

A f t e r  v e r n i e r  engine s t a t i c  f i r ing ,  i t  w a s  dec ided  tha t  ano the r  A S P P  

T h i s  a t t i tude  de t e rmina t ion  w a s  p e r f o r m e d  with only the e l e -  
a t t i t ude  de t e rmina t ion  should be pe r fo rmed  in a n  a t t e m p t  to a s c e r t a i n  space  - 
c r a f t  motion. 
vat ion axls pinned. 
t r ack ing .  
g ive n be low. 

The  solar p ~ ~ e !  axis   as p r e ' t l i ~ ? ~ s l y  iinlocked f o r  sun  
The  a t t i tude  p a r a m e t e r s  and t h e i r  a s s o c i a t e d  e r r o r  t o l e r a n c e s  a r e  

P o s t  -Static F i r i n g  S p a c e c r a f t  Atti tude 

= 1. 50 d e g r e e s  
O x  

= -3 .  51 d e g r e e s  
s lope  X 

s lope  = -19. 45 d e g r e e s  3 0  = 1 .62  d e g r e e s  
Y 

Magnitude of s lope  = 19. 71  d e g r e e s ,  d i r ec t ion  = 260. 15 d e g r e e s  

R o l l  o r i en ta t ion  [+  X axis C W  f r o m  se l .  e a s t ]  

3 0  = 3. 09 d e g r e e s  
0 

8 = 25. 24 

- Y  S I C  

-x S I C  

W E 
25. 2 4  d e g r e e s  

tx S I C  

tY S I C  

4. 2 RELIABILITY ANALYSIS 

4. 2. 1 S u r v e y o r  V Re l i ab i l i t y  E s t i m a t e s  

4. 2. 1. 1 

The  f ina l  r e l i ab i l i t y  point e s t i m a t e  f o r  S u r v e y o r  V is  0. 72. 
m a t e  is based  upon S u r v e y o r  V f l i g h t  and s y s t e m s  t e s t  da t a  and appl icable  
S u r v e y o r  I, 2 ,  111, and 4 s y s t e m  t e s t  and f l ight  expe r i ence .  

S y s t e m  and Subsys t em Re l i ab i l i t y  

T h i s  e s t i -  

F i n a l  r e l i ab i l i t y  point e s t i m a t e s  f o r  e a c h  s u b s y s t e m  a r e  given in  
Tab le  4-8. 
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TABLE 4-8. SUBSYSTEM FINAL RELIABILITY 
POINT ESTIMATES 

S u b s y s t e m  
R e l iab i l i ty  
E s t i m a t e s  

Te lecommunica t ions  0 .987  

Vehicle  and m e c h a n i s m s  0. 853 

Propuls ion  0 .934  

E l e  c t r i ca l  powe r 0 .985  

F l igh t  con t ro l  

Space  c ra f t  

0 .945  
0 .733  

S y s t e m s  in t e rac t ion  r e l i ab i l i t y  0 .986 
f a c t o r  

Spacec ra f t  r e l i ab i l i t y  (0. 733)(0.  986)  = 0. 72 

4. 2. 1 . 2  S u m m a r y  of Data  B a s e  for S u r v e y o r  V Re l i ab i l i t y  E s t i m a t e s  

The  p r i m a r y  s o u r c e  of da t a  f o r  r e l i ab i l i t y  e s t i m a t e s  is the  ope ra t ing  
t i m e  and cyc le s  expe r i enced  by S u r v e y o r  V un i t s  du r ing  s y s t e m s  t e s t s  and 
f l igh t  and the  accumula ted  r e l i ab i l i t y  r e l e v a n t  f a i l u r e  d a t a  provided  by T F R s .  
Da ta  f r o m ' S u r v e y o r s  I, 2 ,  111, and 4 t e s t  and f l ight  e x p e r i e n c e  a r e  included 
w h e r e  t h e r e  a r e  no s igni f icant  des ign  d i f f e r e n c e s  between the  uni t s .  A f a i l u r e  
i s  cons ide red  r e l evan t  i f  it a f f ec t s  equipment  r e l i a b i l i t y  and could o c c u r  d u r  - 
ing a mis s ion .  
s y s t e m s  engineer ing  dec is ion .  In addi t ion,  r e l e v a n t  f a i l u r e s  a r e  weighted 
a s  follows: 

Re levance  of f a i l u r e s  is based  upon a joint  r e l i ab i l i t y -  

1. 0 C r i t i c a l  - Would n o r m a l l y  c a u s e  a sa fe ty  h a z a r d ,  m i s s i o n  a b o r t ,  
o r  f a i l u r e  of m i s s i o n  objec t ive  

0. 6 Major  - Would s igni f icant ly  d e g r a d e  s y s t e m  p e r f o r m a n c e  but 
not c a u s e  m i s s i o n  a b o r t  o r  f a i l u r e  

0. 1 Minor - Would not s ign i f icant ly  a f f ec t  ab i l i ty  of s y s t e m  t o  
funct ion as des igned  

A d a t a  b a s e  f o r  S u r v e y o r  V r e l i a b i l i t y  e s t i m a t e s  is s u m m a r i z e d  in  
T a b l e  4-9.  

4. 2. 1. 3 T i m e / C y c l e / R e l i a b i l i t y  H i s t o r y  for A l l  S u r v e y o r  I, 2, 111, 
and 4 Uni t s  

T a b l e  4 -10  p r e s e n t s  a h i s t o r y  of t i m e / c y c l e / r e l i a b i l i t y  d a t a  f o r  each  
m a j o r  c o n t r o l  i t em for S u r v e y o r s  I, 2, 111, and 4. 
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TABLE 5. 1-2. MISSION THERMAL EVENT LOG 

GMT 
hr : m i n  

07: 57 

08: 07 
03: 16 
08: 17 

08: 30 

08: 37 

09: 50 

14: 03 

14: 12 

14:27 

14: 33 

15:36 

15:46 

15:55 

16:23 

16:42 

17:13 

17: 16 

17: 34 

17:44 

18:16 

18:28 

18:33 

18: 34 

18:50 

18:53 

19: 30 

19:34 

2 0: 02 

2 0: 07 

~~ 

Mi s sion 
T i m e  

h r  : m i n  

0 

00: 10 

00: 19 

00:20 

00: 33 

00:40 

01:53 

06:06 

06: 15 

06:30 

06: 36 

07: 39 

07:49 

07: 58 

08:26 

08:45 

09: 16 

09: 19 
09: 37 

09:47 

10: 19 

10:31 

10:36 

10:37 

10: 53 

10:56 

11:33 

11:37 

12 : 05 

12:lO 

Event  
~ ~~ 

Launch and e n t e r  e a r t h  shadow 

MECO 1 l e a v e  e a r t h  shadow 

Separat ion 
T r a n s m i t t e r  B high power on 

Sun acquis i t ion 

T'ransm-itter B high power off 

Line 2 heater cycling 

T r a n s m i t t e r  B high power on 

Line  3 h e a t e r  cycling 

Star acquis i t ion 

T r a n s m i t t e r  B high power off 

Solar  panel  switch off 

Start gyro d r i f t  check ( t h r e e - a x e s )  

Solar  panel  switch on 

Solar  panel  switch off 

Solar  pane l  switch on 

Solar  panel  switch off 

Solar  panel  switch on 

Solar  panel  switch off 

Solar  panel  switch on 

T e r m i n a t e  gyro  d r i f t  check  (all a x e s )  

Solar  panel  switch off 

Solar  panel  switch on 

Ini t ia te  gyro  dr i f t  check  (all a x e s )  

S o l a r  panel  switch off 

S o l a r  panel  swi tch  on 

Solar  panel  switch off 

S o l a r  panel  switch on 

Solar  panel  switch off 

S o l a r  Dane1 switch on 

5.1-10 

I 
1 
1 
1 
I 
1 
I 
I 
1 
I 
I 
I 
1 
I 
1 
1 
I 
1 
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Table 5. 1-2 (continued) 

25 1 

25 2 

GMT 
h r  :min 

20:15 

20:59 

21:35 

21:43 

23:40 

01:15 

0 1:32 

0 1:35 

0 1:38 

0 1:39 
0 1:42 

01:43 

0 1:44 

0 1:45 

0 1:48 

0 1:53 

02:12 

02:12 

02:24 

02:30 

02:39 

0 2:40 

0 2:40 

0 2:45 

02:51 

02:55 

04:OO 

04:05 

04:09 

- 

Mi s sion 

hr:min 
,-I-:-- I I l l L C  

12: 18 

13:02 

13:38 

13:46 

15:43 

17: 18 

17:35 

17:38 

17:41 

17:42 

17:45 

17:46 

17:47 

17:48 

17:51 

17:56 

18: 15 

18: 15 

18:27 

18:33 

18:42 

18:43 

18:43 

18:48 

18: 5 4  

18:58 

20:03 

20:08 

20: 12  

Event 

Terminate  gyro dr i f t  check 

Solar panel switch off 

Solar panel switch on 

Gyro dr i f t  check ( ro l l  only) 

End roll  drift  check 

Transmi t te r  B high power on 

Start  ro l l  maneuver  

End roll  (71. 5 degrees )  

Start  yaw maneuver  

Complete yaw ( -35 .  5 degrees)  

Heaters  off; AMR and lines 1, 2 ,  and 3 

Thrust phase power on 

F i r s t  midcourse  ( 1 4  second burn)  

Thrust  phase power off 

Line hea te r s  on and AMR hea te r s  on 

Yaw maneuver (35. 5 degrees )  

Second engine burn (10 .05  seconds)  

Thrust  phase power off 

Begin yaw 

End yaw (+180 d e g r e e s )  

Thrust  phase power on 

Third engine burn (22. 5 seconds) 

Thrus t  phase power off 

Begin yaw 

End yaw ( -  180 d e g r e e s )  

High power off 

Sun and ro l l  ( -71 .9  degrees )  

Sun and ro l l  (68. 5 degrees)  

Yaw (+106. 7 d e g r e e s )  
- 
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Table 5. 1-2 (cont inued)  

25 2 

GMT 
h r : m i n  

04: 16 

04: 18 

04:19 

04:58 

05:O 1 

05:04 

05:06 

05:3 1 

05:47 

05:49 

06:39 

07:49 

07:54 

07:58 

08:20 

08:24 

0 8 : 2 9  

08:33 

0 8 :40 

0 8 :46 

08:49 

10:33 

10:37 

11:25 

11:30 

11:32 

Mission 
T i m e  
hr :min 

20: 19 

20:21 

20: 22 

21:Ol 

21:04 

21:07 

21:09 

21:34 

21:50 

21:52 

22:42 

23:52 

23:57 

24: 0 1 

24: 23 

24: 27 

24: 32 

24: 36 

24:43 

24:49 

24: 52 

25: 36 

26 : 40 

27 : 28 

27:33 

27:35 

I 

Event  

Thrus t  phase power on 

F o u r t h  engine burning sequence:  
12 seconds on ,  1 off, 1 / 2  on, 1 off, 1 / 2  on 

T h r u s t  phase power off 

Yaw m a n e u v e r  s t a r t  

End of yaw (-106. 7 d e g r e e s )  

S ta r t  r o l l  m a n e u v e r  

End r o l l  m a n e u v e r  (-68. 5 d e g r e e s )  in  
nominal t r a n s i t  posit ion 

TV e l e c t r o n i c s  h e a t e r  on 

Compar tment  C h e a t e r  on 

AMR h e a t e r  off 
I'V e l e c t r o n i c s  h e a t e r  off, AMR h e a t e r  o n  
and c o m p a r t m e n t  C h e a t e r  off 

T r a n s m i t t e r  B high power o n  

Sun and r o l l  s t a r t  64. 6 d e g r e e s  

S t a r t  yaw (143. 2 d e g r e e s )  

Line  h e a t e r s  and AMR h e a t e r  off 

F i f th  engine fir ing: 
6 seconds off, 9 1 / 2  seconds on, 
8 seconds off and 1 2  s e c o n d s  on 

Line  h e a t e r s  and  AMR h e a t e r  on 

8 seconds on, 

Yaw m a n e u v e r  (-143. 2 d e g r e e s )  

Roll m a n e u v e r  ( - 6 4 . 6  d e g r e e s )  

High power off 

C o m p a r t m e n t  C h e a t e r  on 

T r a n s m i t t e r  B high power on  

Alpha s c a t t e r i n g  i n s t r u m e n t  power on 

Alpha s c a t t e r i n g  i n s t r u m e n t  power off 

T r a n s m i t t e r  B high power off 

C o m p a r t m e n t  C h e a t e r  off 

5 .1-12  

O B  
I 
I 
I 
I 
I 
1 
1 
1 
t 
1 
1 
I 
D 
I 
I 
I 
B 
1 



Table 5. 1-2  (continued) 

Day 

25 2 

253 

GMT 
hr  :min 

11:39 

13:16 

13:17 

15:08 

15:lO 

17:18 

1 8 : O O  

20: 10 

20:59 

2 1 :48 

23:06 

23:14 

23: 16 

23:20 

23:23 

23: 25 

23:25 

23:30 

23:3 1 

23:33 

23:36 

23:39 

23 :44 

23:50 

0 1:35 

04:33 

06:20 

13:05 

13:3 1 

Mission 
Time 
h r  :min 

27:42 

29: 19 
29: 20 

31: 11 

31:13 

32:21 

34: 03 

36: 13 

37:02 

37:51 

39:09 

39: 17 

39: 19 
39: 23 

39: 26 
39: 28 

39:28 

39:34 

39:33 

39:36 

39: 39 

39:42 

39:47 

39:53 

41:38 

44: 36 

46: 23 

53:08 

53:34 

Event 

nitiate three-axes drift  check 

2nd three-axes drift  check 

nitiate r o l l  axis drift check 

rerminate  roll axis drift  check 

.nitiate three-axes drift  check 

I'erminate gyro drift  check 

nitiate gyro drift  check (all axes)  

I'erminate gyro d r i f t  check 

nitiate three-axes gyro drift  check 

rerminate  gyro drift  check 

I ' ransmitter B high power on 

nitiate negative roll  

2nd roll ( -75.  9 degrees)  

Start yaw positive roll 

2nd yaw ( -  10 1 degrees)  

l e a t e r s  off 

rhrust  phase power on 

Sixth engine fir ing (5.  4 5  seconds) 

I'hrust phase power off 

geaters  on 

Start of yaw ( + l o 1  degrees)  

2nd of yaw 

Start of r o l l  (+75.9  degrees)  

Transmi t te r  B high power off 

Start gyro drift  check ( three-axes)  

Terminate three-axes drift  check 

Enabled oxidizer tank 2 hea ters  

Initiate roll gyro drift  check 

Compartment A heater  on 
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Table 5. 1-2 (continlled) 

Day 

253 

254 

GMT 
h r :min 

15:24 

15:27 

17 :43 

17:59 

18:12 

18:22 

19:37 

20:29 

23:40 

23:41 

23:51 

0o:oo 

00:02 

00:12 

00:15 

00:16 

0o:zo 

00:30 

00:39 

00:40 

00:41 

00:43 

0 0 :44 

00  ~ 4 6 ~ 4 ,  

00:48 

00:54 

00:55 

00:56 

0 1:09 

01:19 

Mi s sion 
T i m e  

hr :min  

55: 27 

55: 20 

57:46 

58:02 

58: 15 

58:25 

59 : 40 

60:32 

63 : 43 

63:44 

63:54 

64:03 

64: 05 

64: 15 

64: 18 

64: 18 

64: 23 

64: 33 

64:42 

64: 43 

64: 44 

64: 46 

64:47 

64:49 :4: 

64: 5 1 

64: 57 

64: 58 

64: 59 

65: 12 

65: 22 

Event  

r e r m i n a t e  r o l l  gyro  d r i f t  check  

.nitiate t h r e e - a x e s  g y r o  d r i f t  c h e c k  

Zompartment  C h e a t e r  cont ro l  on 

r e r m i n a t e  gyro dr i f t  c h e c k  

Positive yaw 179.9 d e g r e e s  

Posit ive yaw 180. 1 d e g r e e s  

TV e l e c t r o n i c s  h e a t e r  on 

4lpha s c a t t e r i n g  h e a t e r  on 

Zompartment  A h e a t e r  off 

r V  vidicon t h e r m a l  cont ro l  on 

r r a n s m i t t e r  B high power on 

P r o p  s t r a i n  gage power on 

I'D s t r a i n  gage power on 

Begin posit ive r o l l  (73. 9 d e g r e e s )  

End r o l l  

Begin posi t ive yaw (119 d e g r e e s )  

End yaw 

Mode 6 on 

Cyclic h e a t e r s  off 

AMR power on 

T h r u s t  phase power on 

AMR enabled 

R e t r o  ignition 

Touchdown 

RADVS off 

C o m p a r t m e n t  C and a lpha  scat h e a t e r s  on 

T V  e lec t ronic  a n d  vid h e a t e r  on 

Line h e a t e r s  o n  and oxidizer  tank 2 h e a t e r  
on  

T r a n s m i t t e r  B high power off 

T r a n s m i t t e r  A high power on 
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P r e l a u n c h  air  conditioning was provided as  requi red .  Conditioned, 
a i r  w a s  maintained a t  approximately 70"  F until 2 h o u r s  and 18 minutes  p2;br 
to launch,  whereupon the air t e m p e r a t u r e  cont ro l  was  r a i s e d  to 85" k .  
ing the l a s t  hour  p r i o r  to  launch,  the payload adapter  t e m p e r a t u r e  w a s  
main ta ined  at about 86" F. 

DUE- 

5 .  1 . 4 . 2  Post launch P h a s e  

The spacecraf t  was  injected into a parking orb i t  f o r  approyimqtety 
9 minutes  and was in the e a r t h ' s  shadow for  approximately 11. 5 rninu;tps, 
T h i s  t ime in te rva l  was  small enough that m o s t  components  w e w  not- SI&= 
j ec ted  to any l a r g e  t e m p e r a t u r e  var ia t ions.  
tion: 

The solar panel  w a s  a n  sxqep= 
i ts  t e m p e r a t u r e  d e c r e a s e d  t o  30"  F while it was  shaded. 

5. 1 . 4 . 3  Midcourse and Other  Vernier  B u r n s  

A total  of s i x  s e r i e s  of engine f i r ings was  completed p r i o r  to  Be 
descent .  A s u m m a r y  of these  burns ,  along with the t h e r m a l  r e s p o n s e  
engines ,  is  presented  in Table  5. 1-3. The preigni t ion upper  oper&tiQaaJ 
limits of engines 1 and 3 ( P - 7  and P-11)  w e r e  violated f o r  b u r n s  2 aQd 35.. 
The upper  operat ional  limit for engine 2 w a s  violated only on b 
the 1 -hour cons t ra in t  between engine f i r ings  w a s  violated.  
violations w e r e  due to the urgency  of nonstandard operat ion necess i ta ted  
because  of the fa i lure  of the hel ium regulator  to s e a t  p roper ly .  The maxi- 
m u m  engine t e m p e r a t u r e  of 464" F w a s  observed  on engine 3 as  a r e s u l t  of 
b u r n  3. 
o ther  t r a n s i t  burns .  Although burn 5 w a s  longer  than burn 3 ,  peak engine 
t e m p e r a t u r e s  w e r e  sl ightly lower  o n  b u r n  5 because preignition t e m p e r a -  
t u r e s  for th i s  b a r n  w e r e  considerably lower  than for  b u r n  3 .  

These  cons t ra in t  

This  burn produced higher  engine t e m p e r a t u r e s  than any of the 

F o r  burn  4, the s p a c e c r a f t  was in a n  off-sun att i tude for  about 57 
m i n u t e s  without having allowed a 2 -hour on-sun att i tude r e c o v e r y  t i m e  
a f t e r  the previous off-sun period. However,  all s p a c e c r a f t  s y s t e m s  w e r e  
maintained within t h e i r  p r o p e r  tempera ture  limits dur ing  off-sun att i tude 
per iods .  

All  cyclic h e a t e r  loads  (except the g y r o  h e a t e r s )  w e r e  commanded 
off for  approximately 6 minutes ,  9 minutes ,  and 7 m i n u t e s  for  b u r n s  1, 5, 
and 6 ,  respect ively.  
loads  so  that  c r i t i c a l  e l e c t r i c a l  loads could be observed  during v e r n i e r  
b u r n s  without ambiguity.  
2 ,  3, and 4 due to  the urgency and des i red  s implici ty  of  the nonstandard 
opera t ions  ini t ia ted a f t e r  the first v e r n i e r  burn.  

The h e a t e r s  were commanded off t o  r e m o v e  cyclic 

The h e a t e r s  w e r e  not commanded off for  b u r n s  

Propel lan t  t e m p e r a t u r e  s t ra t i f icat ion w a s  observed  on t h i s  flight as 
in all prev ious  fl ights ( s e e  F i g u r e s  5. 1-28, 5. 1-29, 5. 1-36, 5. 1-37,  
5. 1-38, and 5. 1-39 in  Appendix A to  Section 5. 1).  However ,  t e m p e r a t u r e  
grad ien ts  within the propel lants  were g r e a t l y  negated due to  the propel lant  
motion induced during thrust ing.  Thus ,  the amount of t e m p e r a t u r e  change 
observed  on the propel lant  tank t e m p e r a t u r e  s e n s o r s  a f t e r  thrust ing 
d e c r e a s e d  with each  subsequent firing. 
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5. 1 . 4 . 4  Coas t  P h a s e s  

Miss ion  
T i m e  

hr :min  

Vern ie r  l ine 2 was the f i r s t  heater-control led component on the 
spacecraf t  to  cycle,  other  than the gyros,  a f t e r  launch. It s t a r t ed  cycling 
1 hour  and 53 minutes  a f t e r  launch and s tayed in its cycling range of 18 t o  
26 d e g r e e s  throughout the miss ion ,  with the exception of the maneuvers  
when it went as  high as  40 degrees .  
cyc les .  ) 

(See Table 5. 1-4 for  the hea te r  duty 

Vern ier  Line 2,  Vern ie r  Line 3, 
pe r cent percent  AMR, percent  

The AMR s t a r t ed  to cycle about L t 6  hour s  into the miss ion .  It 
r ema ined  in  its cycling range while it was  enabled. 
fo r  50 minutes  at 21:52 mis s ion  hours ,  the t ime when an  e a r t h  orb i t  was  
being cons idered  as  a n  al ternat ive to a soft  landing. 
hour s ,  t h e v e r n i e r  l ine 3 hea te r  began cycling and remained  in  its cycling 
range except  during maneuvers .  Table 5. 1-5 lists the t i m e s  the h e a t e r s  
were  enabled during t rans i t .  

It was  commanded off 

At 06:15 mis s ion  

19 .08  26.9 10.8 

4 9 . 4 4  36.9 31. 5 

63. 5 

67 .5  

Mission 

h r  : min  percent  percent  
T i m e  Yaw gyro, P i tch  gyro,  

P rope l l an t  Tank 

R o l l  gyro,  
percent  

Oxidizer tank 2 t empera tu re  normal ly  d e c r e a s e s  throughout the 
t r a n s i t  phase  f r o m  launch until the thermostat ical ly-control led hea te r  i s  
act ivated la te  in  the  miss ion .  
experience,  the hea te r  on oxidizer  tank 2 normal ly  c y c l e s  when the  flight 
t empera tu re  s e n s o r  P-16 indicates  17" F. The tank t empera tu re  reached 
17" F a t  52 hour s  miss ion  t ime and continued to cool to 14" F at r e t r o  

Based on s o l a r  t he rma l  vacuum t e s t  

0 7 : 0 3  

48:OO 
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ignition without cycling. 
lunar  night to ver i fy  hea ter  operation. 
d ~ r i n g  the lij-nar night a t  a tank tempera ture  (P-16)  of -20"  F, and operation 
was ver i f ied  by an inc rease  in the nonessential  cur ren t .  

A special  tes t  was performed during the f i r s t  
The heater  was enabled momentarily 

Gyro  Drift  Checks 

There were  12 dr i f t  checks during the t r ans i t  phase.  The average  
measu red  values of the drift  were  to. 85 d e g / h r  for roll ,  to. 60 deg /h r  fo r  
pitch, and -0.66 deg /h r  for yaw. During all axes  dr i f t  checks,  a d rop  in  
t empera tu re  of a s  much a s  24" F was noted on engine 2. Also,  the compar t -  
ment  r ad ia to r s  were  slightly affected. F o r  example,  V-25 dropped 15 
degrees  during one dr i f t  check. 
t empera tu re  variation due to  gyro drift.  

All  other components reg is te red  negligible ' 

E a r t h  Orbit  Cons ide rations 

A sequence was designed and thermally initiated to place the space-  
c raf t  in an  ear th  orbi t  a t  05:50 GMT on day 252 (21:52 mission hours) .  
included turning on the compartment C hea ter  for the alpha scat ter ing device,  
and turning the TV electronics  heater on. 
then turned off a s  a power consideration. 
07:43 GMT when it was decided a soft  landing could s t i l l  be achieved, and 
the spacecraf t  was returned to  the normal  t rans i t  condition. 

This 

The AMR electronics  hea ter  was 
These s teps  were  r eve r sed  a t  

Tempera ture  Variations with Solar  Panel Switching 

The so lar  panel and associated e lec t r ica l  c i rcu i t ry  w a s  redesigned 
for  Surveyor  V and subsequent spacecraf t .  
of turning off the e lec t r ica l  flow from the so la r  panel through the use of a 
so l a r  panel switch. 
panel switch t r ip s  to the off position and m u s t  be r e s e t  by command. 
the switch is  in  the off condition, 100 percent  of the absorbed so la r  energy 
i s  converted to heat in the so la r  panel, result ing in  an inc rease  in so l a r  
panel tempera ture .  

This new sys tem has  a capability 

When the bus voltage exceeds a p r e s e t  value, the so la r  
When 

The so la r  panel switch tripped off many t imes  during t r ans i t  due 
to sma l l  fluctuations in bus voltage which was very  n e a r  the switch t r i p  
sett ing.  Whenever the switch tripped off, the so la r  panel tempera ture  
would inc rease .  
switch on was 126" F. However, with the switch in the off condition, the 
panel t empera tu re  would inc rease  at  approximately 7 O F / h r  to a new 
equilibrium t empera tu re  of approximately 142" F (see  Figure 5. 1-11 in 
Appendix A ) .  
t rans i t .  

The so lar  panel equilibrium tempera ture  (EP- 12) with the 

The so lar  panel remained within operational l imi t s  throughout 
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Alpha Scat ter ing Subsys tem 

The t h e r m a l  p e r f o r m a n c e  of the alpha s c a t t e r i n g  uni t s ,  which w e r e  
flown for  the first t i m e  in  Miss ion  E, is  s u m m a r i z e d  i n  Table  5. 1 - 1  and 
F i g u r e s  5. 1-6 and 5.1-7 in Appendix A. It c a n  be o b s e r v e d  tha t  flight 
t e m p e r a t u r e s  w e r e  c lose  t o  pred ic ted  values .  All  t e m p e r a t u r e s  w e r e  
c o r r e c t e d  for b i t  r a t e  e r r o r s  of 2"  F at 550 b i t s / s e c ,  6 "  F at  1100 b i t s / s e c ,  
and 14" F a t  4400 b i t s / s e c .  

The subsys tem c o m p r i s e s  e l e c t r o n i c s  housed in c o m p a r t m e n t  C and 
the deployable i n s t r u m e n t  with its e lec t ronics .  
isolated on five s ides .  
white rad ia tor  which provides  the p r i m a r y  t h e r m a l  control .  
thermosta t ica l ly  control led h e a t e r  with an  on-set  point of approximate ly  20 " F 
i s  used  to w a r m  the e lec t ronics  f r o m  the t r a n s i t  equi l ibr ium t e m p e r a t u r e  t o  
a t e m p e r a t u r e  above the l o w e r  operat ional  limit of -4"  F. 
head contains e l e c t r o n i c s  in a n  i so la ted  c o m p a r t m e n t  and  a n  upward-facing 
r a d i a t o r  plate  which employs  a Vycor g l a s s  m i r r o r  (second s u r f a c e  r a d i a t o r )  
to main ta in  t h e r m a l  control .  
thermostat ical ly-control led h e a t e r  with a 50" F s e t  point. 
used in t rans i t  t o  w a r m  up the unit f r o m  its s teady-s ta te  t e m p e r a t u r e  to  
approximately 50" F p r i o r  t o  touchdown. 
w a r m  u p  Compartment C to  -4" F p r i o r  to  turning on the i n s t r u m e n t  h e a t e r .  

C o m p a r t m e n t  C i s  t h e r m a l l y  
All  e lec t ronics  a r e  mounted to a n  upward-facing 

A 10 -watt, 

The i n s t r u m e n t  

The package a l s o  contains  a 5-watt ,  
T h i s  h e a t e r  i s  

The n o r m a l  sequence i s  to  first 

It is known that  deadbands of 7 "  F ampli tude o c c u r  with the high 

One deadband o c c u r s  at nominal ly  32" F, 
a c c u r a c y  s e n s o r s  AS-3 and AS-4 at t e m p e r a t u r e s  cor responding  to c e r t a i n  
binary number  combinat ions.  
which i s  n e a r  the s teady-state  t e m p e r a t u r e  of the alpha i n s t r u m e n t  head  
(AS-3). 
in the data  with absolute  cer ta in ty .  
5 .1-6 i n  Appendix A )  of 25" F between 05:32 and  06:38 GMT on day 252 a r e  
probably on a deadband, s ince the alpha head should be in  a t r a n s i e n t  
w a r m u p  a t  this t ime.  
d7Jring the maneuver  in the fourth v e r n i e r  engine thrus t ing  sequence at 
252:04:24 GMT, and the t e m p e r a t u r e  would be expected to  be i n c r e a s i n g  
to the s teady-s ta te  t e m p e r a t u r e  in the subsequent  t i m e  i n t e r v a l  and not 
s tay constant .  

The  occurrence  of th i s  t e m p e r a t u r e  deadband cannot  be observed  
The cons tan t  t e m p e r a t u r e s  ( s e e  F i g u r e  

The i n s t r u m e n t  head t e m p e r a t u r e  had cooled down 

Due to  the hel ium s y s t e m  leak  p r o b l e m  and the uncer ta in ty  of p e r -  
forming a safe  landing, SSAC decided t o  opera te  the alpha sca t te r ing  s y s t e m  
dur ing  the t ransi t  phase t o  obtain a background count and ca l ibra t ion  data .  
Normally,  the s y s t e m  is not opera ted  until  a f t e r  touchdown. 

The requi red  w a r m u p  f r o m  the t r a n s i t  nonoperating s teady-s ta te  
t e m p e r a t u r e  of -20" to -4'F p r i o r  to act ivat ion of the e l e c t r o n i c s  was 
init iated at 252:08:49 GMT (L t 2 4  hours  32 m i n u t e s )  with turn-on of 
the c o m p a r t m e n t  C h e a t e r .  
the w a r m u p  cycle. Alpha s c a t t e r i n g  power on was t h e r e f o r e  commanded 
at 252:10:37 GMT, at which t i m e  the c o m p a r t m e n t  C e l e c t r o n i c s  t e m p e r a -  
t u r e  w a s  -11" F (7" F below its l o w e r  operat ional  l i m i t ) .  This  exper iment  
w a s  useful f o r  making predict ions of the t i m e s  at which the  c o m p a r t m e n t  C 
and alpha ins t rument  h e a t e r s  should be turned  on p r i o r  t o  touchdown. 

SSAC decided not t o  wai t  for  completion of 
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The pre te rmina l  descent  warmup of compartment  C was initiated a t  
R-7 hours .  
alpha head hea ter  was commanded on. 
to the required 50" F i n  1. 0 hour. 
warmup t imes  of 1 .2  and 0.6 hours  for the compartment  and the instrument ,  
respectively.  
touchdown. 

After a 2.6-hour warmup of the compartment  t o  -4"  F, the 
The head tempera ture  warmed up 

Th i s  compares  to prefiight predicted 

Operational tempera tures  were  achieved 3 hours  p r i o r  to 

Telecommunication Compartments.  Compartment  A steady-state 
t empera tu res  in t r ans i t  were  7 "  F cooler than predicted a s  shown in Table 
5. 1-1 and Figures  5.1-7,  5.1-8, 5.1-10, 5.1-13, 5. 1-53 and 5.1-54 of 
Appendix A. 
in  previous flights due to a reduction i n  power dissipation in  the redesigned 
bat tery charge regulator.  

Tempera tures  in compartment A were  significantly cooler than 

The peak t r ansmi t t e r  B temperature  was 126" F and occurred  with the 
t r ansmi t t e r  in high power a t  init ial  R F  acquisition. 
were  encountered as  a resul t .  

N o  thermal  problems 

It was necessa ry  to  w a r m  up the ma in  bat tery in  compartment  A f rom 
the t r ans i t  phase s teady-state  tempera ture  of 58" to  90" F a t  the t ime of 
r e t r o  ignition, as shown in  Figure 5. 1-10 in  Appendix A ,  as  i t  was des i red  
to have at this t ime the main battery at 90"  F to ensure  sufficiently high 
ba t te ry  te rmina l  voltage during RADVS operation. 
accomplished by turning on the compartment  A the rma l  control and hea ter  
a s sembly  between R-11 hours  10 minutes,  and R-01 hours  06 minutes.  
Additional warmup occurred  f rom the high power operation in the t e rmina l  
phase.  
activation. 

The warmup w a s  

A tempera ture  of 90"  F was obtained 2 minutes p r io r  to RADVS 

Compartment  B steady-state t empera tu res  in t r ans i t  were  7 "  F 
h igher  than predicted a s  can be seen in  Table 5. 1-1 and Figures  5. 1-58 
and 5.1-59 of Appendix A. 

5. 1.4. 5 Te rmina l  Descent P h a s e  

The the rma l  response during the modified t e rmina l  descent  was  
The maximum tempera tures  recorded  on the ve rn ie r  engines nominal. 

were  411", 309", and 4 2 6 ° F  on engines 1 ,  2 ,  and 3, respectively.  The 
KPSM tempera ture  increased  f rom 33" to 119" F during RADVS operation. 
At r e t r o  ignition, the r e t r o  bulk tempera ture  was 53" F. 

The spacecraf t  was in an off-sun attitude for  approximately 31 
minutes  p r i o r  to touchdown. 
t empera tu re  limits during this  period. 

All t empera tures  remained within p rope r  

T ransmi t t e r  B high power operation was initiated a t  TD-56 minutes  
and te rmina ted  at TDt22 minutes  (approximately 78  minutes  of high power) .  
During this  period, the maximum tempera ture  reached by t r ansmi t t e r  B 
was 116 " F. The bat tery tempera ture  increased  f rom 90 " F at  RADVS 
turn-on to  97" F at termination of t r ansmi t t e r  B high power operation. 
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5 . 1 . 5  THERMAL PERFORMANCE - LUNAR DAY 1 

A s u m m a r y  of m a x i m u m  l u n a r  day t e m p e r a t u r e s  and m i n i m u m  
t e m p e r a t u r e s  during a n  ec l ipse  is  shown in  Table  5. 1-6.  
t h e r m a l  p a r a m e t e r s  during the l u n a r  day a r e  presented  in Appendix B 
t o  th i s  section. 

P l o t s  of 

5. 1. 5. 1 Touchdown Orientation and Configuration 

The spacecraf t  w a s  located at 1 .45"  N and 22 .25"  E,  approximate ly  

The s p a c e c r a f t  w a s  
18 m i l e s  northwest  of its or iginal  landing spot.  
d e g r e e s  f r o m  nor th  o r  t 1 8  d e g r e e s  f r o m  the - Y  axis. 
s i t t ing on a n  approximately 20-degree  slope in a small c r a t e r ,  approximate ly  
30 feet  a c r o s s ,  and leg 1 w a s  pointing uphill.  
off (254:00:47 GMT) ,  but the c o m p a r t m e n t  C h e a t e r ,  a lpha sca t te r ing ,  
te levis ion e lec t ronics ,  and vidicon w e r e  all commanded on a t  254:00:55. 
However ,  the t e m p e r a t u r e s  w e r e  i n c r e a s i n g  and  they did not cycle  at t h i s  
t i m e .  

Leg  1 w a s  located t 1 7 2  

A t  touchdown all h e a t e r s  w e r e  

5. 1. 5. 2 Telecommunicat ion C o m p a r t m e n t s  

Spacecraf t  l u n a r  opera t ions  on Surveyor  V w e r e  m o r e  r e s t r i c t e d  
by the compar tment  t e m p e r a t u r e  l e v e l s  than on e i ther  S u r v e y o r  I or 
Surveyor  111. The reduced t h e r m a l  p e r f o r m a n c e  is  p r i m a r i l y  due t o  the  
small c r a t e r  w i t h  wal l s  sloping at  approximate ly  2 0  d e g r e e s  in which the 
s p a c e c r a f t  is  cradled.  The h e a t  re jec t ion  capabili ty of c o m p a r t m e n t s  A 
and B is  reduced by 10  and 7 wat t s ,  respec t ive ly ,  because  of the rad ian t  
in te rchange  between the l u n a r  s u r f a c e  and the c o m p a r t m e n t  r a d i a t o r s .  
Another  factor ,  though probably secondary ,  i s  a n  i n c r e a s e  in the effective 
s o l a r  absorp tance  of the r a d i a t o r s  due t o  the p r e s e n c e  of l u n a r  d i r t  
p a r t i c l e s .  These p a r t i c l e s ,  as  shown by te levis ion p i c t u r e s ,  resu l ted  
d i r e c t l y  f r o m  the s ta t ic  f i r ing  on day 256. 

F o r  a period of 4 e a r t h  days  (257:lO:OO to 261:14:35 GMT),  a 
combinat ion of shading c o m p a r t m e n t  A with the s o l a r  panel ,  placing the 
s p a c e c r a f t  i n  a standby e lec t ronic  configuration, and l imi t ing  the b a t t e r y  
c h a r g e  r a t e ,  were  used  to main ta in  b a t t e r y  t e m p e r a t u r e  a t  o r  below 115" F. 
During standby p e r i o d s  when no s p a c e c r a f t  da ta  w e r e  being rece ived ,  e a r t h  
lock w a s  broken to  ro ta te  the A / S P P  i n  the or ientat ion which yielded 
m a x i m u m  solar  panel  shadowing on c o m p a r t m e n t  A .  
the r a d i a t o r  sur face  could b e  shadowed dur ing  th i s  per iod .  
c o m p a r t m e n t  A e l e c t r o n i c s  hea t  diss ipat ion w a s  reduced f r o m  20 wat t s  
i n  low power  operation to  e i t h e r  11 o r  7 wat t s ,  depending on whether  the 
ba t te ry  w a s  being charged  o r  the s o l a r  switch was  off and  the b a t t e r y  w a s  
in a d i s c h a r g e  mode.  In genera l ,  the b a t t e r y  w a s  not c h a r g e d  i n  e x c e s s  
of a 0 . 7 5 - a m p e r e  r a t e  during th i s  per iod.  

Up t o  6 0  p e r c e n t  of 
During standby, 

On day 260,  a n  R F  e x p e r i m e n t  w a s  p e r f o r m e d .  
commanded on t h r e e  t i m e s  on t r a n s m i t t e r  A until  the upper  limit of 185" F 
was  reached .  T h e  on t i m e s  w e r e  30, 25, and  20 minutes ,  respect ively.  The 
d e c r e a s e  in  operational t i m e  is due t o  i n c r e a s e  in hea t  s ink t e m p e r a t u r e  
f r o m  the high power operat ion.  

High power was  

5 . 1 - 2 2  
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T A B L E  5. 1-6.  MAXIMUM QUASI-STEADY - S T A T E  T E M P E R A T U R E S  
A N D  MINIMUM T E M P E R A T U R E S  O N  LUNAR S U R F A C E  

5 u ? \'C> y , 

5. 1 - 2 3  

1741 180 

14 

2.3 

6 *  

64 

10 1 

- 166 

66 
- 

99 
25 

31 

1 I 6  

tl 

16 

1 I2 

114 

- 66 
LY 

- 133 

i 2  

- 3  

8 1  

13b 

1,IX 

411 

52 

- I  

- 1.: 

1' 

174 

12 1 

149 

129 

- 19 

142 

84  

3 3  

4 <  

42 



Table 5. 1 - 6  ( c o n t i n u e d )  

Maximum T e m p e r a t u r e ,  

S e n s o r  and Location 

R-10  

R - 1 3  

5 - 1 2  

T V -  1 6  

T V - 1 7  

V-  15 

V -  1 6  

V -  17 

V - 1 8  

V -  19 

v-LO 

v - 2 1  

v - 2 2  

V - 2 3  

V - 2 4  

V - 2 5  

V - 2 6  

V -27 

V - 2 8  

V - 2 9  

v-30 

V - 3 1  

V - 3 L  

v -  33 

V - 3 4  

V - 3 5  

V - 3 L  

v-37 

v - 3 8  

v -  3Y 

V - 4 4  
v-45 

V - 4 6  

v - 4 7  

v - 4 9  

Doppler  p reampl i f i e r  

Al t i tude  p reampl i f i e r  

S u r f a c e  s a m p l e r  e l ec t ron ic s  

T V  e l ec t ron ic s  

T V  hood 

A t r a y  top  

A t r a y  bottom 

Compar tmen t  A s h e l l ,  
r e t a i n e r  

Compar tmen t  A s h e l l ,  
c ann i s t e r  

Compar tmen tA swi t ch  5 ,  
b a s e  

Compar tmen t  A swi t ch  5 ,  
r ad ia to r  

B t r a y  t o p  

B t r a y  bottom 

Compar tmen t  B s h e l l ,  
c a n i s t e r  

Compar tmen t  B swi tch  4.  
r ad ia to r  

Compar tmen t  A slyitch 8 ,  
r ad ia to r  

Compar tmen t  B swi tch  4 ,  
b a s e  

Upper  s p a c e f r a m e  

Lower  s p a c e f r a m e  

T h e r m a l  tunnel 

Shock  a b s o r b e r  1 

Leg  2 upper  web 

Shock a b s o r b e r  2 

Shock  a b s o r b e r  3 

A nt e nn a /s o 1 a r pan  e 1 
pos i t ioner  mas t  

Upper  s p a c e f r a m e  

Loxver s p a c e f r a m e  

R e t r o  bol t  1 

R e t r o  bolt 2 

K e t r o  bolt  3 

C r u s h a b l e  block 3 hea t  sh ie lc  

C o m p a r t m e n t  B swi t ch  1 ,  
rad  ia to  r 

Compar tmen t  B swi tch  5 ,  
r a d i a t o r  

C o m p a r t m e n t  A swi tch  2, 
r a d i a t o r  

C o m p a r t m e n t  A swl t ch  3 ,  
r a d i a t o r  

; u rveyor  I 

2 3 5  

2 1 4  
- 

127 

1 2 4  

110 

118 
- 

- 

- 

7 8  

118 

1 2 4  

111 

99  

88 

- 

138 

190 
- 

1 9 3  

148 

17 1 

175 

130 

125 

1 6 6  

2 2 2  

1 7 5  

185 

189 
1 0 4  

9 6  

- 

- 

O F  

Su rveyor  111 

2 60 

2 32 

1 4 4  

140  

148 

109 

117 

120 

108 

112 

10 1 

117  

122 

152 

100 

100 

1 1 4  

1 5 6  

1 8 6  

115 

190 

158 

183 

1 8 6  

142 

1 5 4  

179 

202 

227 

200 

19 3 
1 0 5  

100 

1 0 4  

- 

IRU r a d i a t o r  damaged dur ing  luna r  night.  

~ 

5 . 1 - 2 4  

S u r v e y o r  V 

2 6 0 /  2 6 0  

2 4 3 / 2 2 6  
- 

1 5 0 /  157 

1 5 2 /  1 5 5  

1 0 9 / 1 1 7  

1191 1 2 4  
- 

l o o /  1 1 0  

1 0 8 /  1 1 5  

l o o /  1 0 4  

1 1 7 /  122  

1 2 4 /  127  

1 0 5 /  1 1 4  

l o o /  1 0 6  

l o o /  110  

1 1 4 / 1 1 8  

l 6 0 /  168 

1 9 6 / 2 0 1  

1301 1 3 4  

1 7 8 /  187  
- 

1 9 5 /  20  1 

1 8 9 /  1 9 5  
- 

l 6 8 /  172  

1 8 7 /  188 

2191'222 

2 2 2 / 2 0 6  

l 8 5 /  188  

2 1 0 / 2 1 1  

1 0 8 /  112 

1 0 0 /  1 0 5  

1 0 5 /  110  

1 0 5 /  110  

Ecl ipse 
Min imum T e m p e r a t u r c ,  

" F  

S u r v e y o r  111 

- 3 3  

2 

- 18 

- 1 0  

- 12 

4 1  

68 

69 

- 170 

45  

18  

2 1  

29 
- 1 5 4  

- 1 6  

1 3  

2 1  

- 7 5  

- 32 

47 

- 5 1  
- 

- 5 7  

- 35 

- 102 

- i o  
- 45 

- 2  

32 

- 1 1  

- 2 9  

- 9 5  

-5 

18 

S u r v e y o r  V 

3 1  

- 3 1  
- 

0 

- 1  

6 4  

8 9  
- 

- 11,o 

62 

2 4  

5 9  

7 0  

- 153 

11  

8 

52 

-70 

- 8  

7 ;  

- f35 

- 

- t i7 

- 5 i  

- 

- 8 1  

- -I ( 1  

14 

- z u  

- ,  
~ l i  

L i  

- 30 

0 

1x 

1 
I 
I 
I 
I 
I 
1 
1 
I 
I 

I 
I 
I 
1 
1 
I 
I 
1 
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5 .  1 .  5. 3 Static F i r i n e  

At 255:09:30 GMT, a prac t ice  s ta t ic  fir ing w a s  init iated to check  the 
flight cont ro l  s e n s o r  group (FCSG) and  to  gain opera t iona l  exper ience  with 
the  s t a t i c  f i r ing  sequence.  
t u r e s  w a s  moni tored .  

The w;lrm_up of  the F C s G  tc? c?perzti~r,a! te r r ,pera-  

T h e  t rans ien t  t h e r m a l  capabili ty w a s  i n  e x c e s s  of that  documented in 
The  ac tua l  w a r m u p  r a t e  of the lunar  hopper kit,  a s  shown i n  F igure  5. 1-1. 

the g y r o s  a n d  e l e c t r o n i c s  w a s  lower than the predict ions.  The FCSG w a s  
opera ted  for  3 h o u r s  19 minutes  without overheating. 
t ime f o r  the FCSG during a s ta t ic  fir ing w a s  known to be l e s s  because the 
a c t u a l  sequence was  on tape.  
w e r e  used to de te rmine  the turnon t i m e  of the FCSG f o r  the a c t u a l  f ir ing.  

The ac tua l  operat ing 

The exper imenta l  data  obtained i n  the p r a c t i c e  

The t e m p e r a t u r e  l imit  of the engines  p r i o r  to  s t a r t  of s ta t ic  f i r ing  is  
220" E. Based on Surveyor  I and I11 lunar  day exper ience ,  the t e m p e r a t u r e  
of the w a r m e s t  v e r n i e r  engine w a s  anticipated to  be 210" F subsequent to  
touchdown ( a f t e r  the cooldown f r o m  the t e r m i n a l  de scent  ignition t e m p e r a t u r e s ) .  
However ,  the engine 2 t e m p e r a t u r e  r o s e  f r o m  178" F a t  15 minutes  a f t e r  
touchdown t o  220" F 5. 2 5  h o u r s  af ter  touchdown ( s e e  F i g u r e  5. 1-33). 
t e m p e r a t u r e  of engine 2 eventually r o s e  to 273" F 
quent to touchdown (256:04:30 GLIT). 

T h e  
2 days  a n d  4 h o u r s  s u b s e -  

The elevated t e m p e r a t u r e  of the  engine and the  approximate  20-degree 
t i l t  of the s p a c e c r a f t  w e r e  of concern  in  attempting a s ta t ic  f i r ing.  On day 
256, i t  b e c a m e  a p p a r e n t  that  the t e m p e r a t u r e  of engine 2 would not d e c r e a s e  
significantly i n  the next  3 e a r t h  days while, a t  the s a m e  t i m e ,  the t e m p e r a t u r e  
of engine 1 was  r i s ing .  Based  on  predicted shadowing (Reference  1 )  T h e r m a l  
Cont ro l  predicted the engine 1 t e m p e r a t u r e  would r e a c h  2 2 0 ° F  within the next 
12 h o u r s .  
f u r t h e r  delay.  

Consequently,  it was decided to  r i s k  the s t a t i c  f i r ing without 

T h e  v e r n i e r  engine s t a t i c  firing o c c u r r e d  a t  256:05:38:05 GMT. 
T h r u s t  c h a m b e r  a s s e m b l i e s  (TCA) 1, 2, and 3 exhibited t e m p e r a t u r e s  of 
120",  267",  and 1 3 6 " F ,  respect ively,  a t  the init iation of the v e r n i e r  burn .  
The  TCAs burned for  0 .  5 second at m i n i m u m  t h r u s t  a s  commanded.  V e r n i e r  
engines  1 ,  2 ,  and 3 developed 22, 17, a n d  26 pounds of t h r u s t ,  respec t ive ly ,  
during the b u r n .  TCA solenoid valves  p e r f o r m e d  n o r m a l l y  desp i te  the  h igher  
t e m p e r a t u r e s .  
131",  293", a n d  1 4 3 ° F  on TCAs 1, 2,  and 3, respec t ive ly .  

Maximum engine t e m p e r a t u r e s  o b s e r v e d  a f t e r  the b u r n  w e r e  

5. 1 ,  5 . 4  Alpha Sca t te r ing  Operation and Warmup 

At touchdown, the alpha sca t te r ing  head t e m p e r a t u r e  w a s  5 0 ° F  and  
The h e a t e r  which had been  enabled a f t e r  i n c r e a s i n g  a t  the r a t e  of l " F / h r .  

touchdown n e v e r  cycled and was  l a t e r  commanded off. At approximate ly  
12 hours  a f t e r  touchdown, the  alpha s c a t t e r i n g  head w a s  deployed to  the back-  
ground posit ion and,  a t  T D t l 5  hours ,  i t  was  deployed to the s u r f a c e .  I t s  
t e m p e r a t u r e  was  s t i l l  i n c r e a s i n g  at about l " F / h r  a t  th i s  t i m e  and continued 
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F i g u r e  5. 1 - 1 .  Selec ted  T e m p e r a t u r e s  Dur ing  Static F i r i n g  
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to do so i-iiiti: it  reached  1 4 O " F  a t  25' j :IO:GO. At  this i i r r i e ,  the solar panel 
was s tepped in o r d e r  to shade the  television c a m e r a ,  and it a l s o  shaded the 
alpha sca t te r ing  head. 
mate ly  5 " F / h r  until i t  became necessa ry  to enable the hea te r  to keep it f r o m  
violat i r ig  iis iower  operdiioilal l i m i t .  
to go below its operat ional  l imit  of - 4 0 ° F  and operated without encountering 
any  difficulty.  
exceed  i t s  upper  operat ional  l imi t  of  122°F e a r l i e r  in the mis s ion  (day 256)  
without any ill effects  to i t s  operation. 
Space Science and may  resu l t  in a revision of the printed l i m i t s  fo r  Surveyor  6 
and SC-7.  
sensors ,  as mentioned in  subsection 5. 1 . 4 . 4 ,  were  s t i l l  p re sen t  throughout 
the l u n a r  phase.  

5. 1 .  5 .  5 Oxidizer  Tank 1 Leak 

This  caused the  head t empera tu re  to  drop  approxi-  

On ddy 265,  the dlp'na head was aiiowed I 
I 
I '  

The  head had a l s o  been allowed (with SSAE approval)  to 

This  operat ion had the approval  of 

The bit r a t e  cor rec t ions  and the dead bands in  the  t empera tu re  

Review (Reference  2) of the t h e r m a l  data  on day 261 between 08:OO and 
13:OO GMT indicates  that  many i tems on the spacecraf t  experienced r a t h e r  
l a r g e  t empera tu re  var ia t ions during this  per iod.  
w e r e  located in the  leg 2 region. 
can b e  t i m e  c o r r e l a t e d  to repositioning of the  so l a r  pane l /p lanar  a r r a y  
.assembly .  
a r e  1 )  r e t r o  a t tach  point 1 ,  2 )  oxidizer line 1 ,  and 3)  oxidizer  tank 1. The 
t e m p e r a t u r e  prof i les  for  t hese  i tems  a r e  presented  in F i g u r e  5. 1-2.  

The ma jo r i ty  of the i t e m s  
The t empera tu re  r e sponses  of these  i t e m s  

I tems that  cannot be t ime c o r r e l a t e d  with the reposit ioning per iods 

Since the spacecraf t  axis is t i l ted approximately 20 degrees  in the  
nor ther ly  direct ion with leg 1 fac ing  south, it is not possible  to shade the leg 1 
reg ion  with e i ther  the so l a r  panel  o r  p lanar  a r r a y .  
r e s p o n s e s  shown in F i g u r e  5. 1-2 must  b e  the  r e su l t  of shading by o ther  com-  
ponents o r  local ized cooling result ing f r o m  expansion of e i the r  a liquid o r  a 
g a s .  

Thus,  the t empera tu re  

Localized shading can be eliminated fo r  the following r easons :  

1)  No t empera tu re  var ia t ions w e r e  observed  on e i the r  leg 1 fuel  
tank o r  fue l  l ine.  
fuel  and oxidizer  sys t ems ,  loca l  component shading would have 
resu l ted  in  fuel s ide  t empera tu re  var ia t ions .  

Because of the proximity and s y m m e t r y  of the  

2 )  As evidenced by o the r  lunar  day data ,  total  shading is  not suffi- 
cient to produce a propellant tank t empera tu re  d e c r e a s e  of 100 
degrees  during a 5-hour per iod.  In fact ,  based on the r e t r o  
bolt 1 t e m p e r a t u r e  data 
t u r e  change can  be  reduced to the in te rva l  between 10:43 and  
12:08 GMT,  o r  1 hour and 25 minutes .  

( F i g u r e  5. l - z ) ,  the  per iod  of t e m p e r a -  

3 )  After  the onset  of lunar night, ox id izer  tank 1 dec reased  at  only 
7 " F / h r .  

F r o m  this  d i scuss ion  it mus t  be concluded that the  observed  oxid izer  tank 1 
t e m p e r a t u r e  d rop  was the resu l t  of a sudden lo s s  of fluid f r o m  the tank.  The  
possibi l i ty  of a hel ium leak  can  b e  el iminated s ince  the  la tent  heat  of vapor i -  
zation a s soc ia t ed  with the oxidizer  i s  n e c e s s a r y  to r e su l t  i n  t he  magnitude of 
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F i g u r e  5. 1 - 2 .  T e m p e r a t u r e s  Associatecl W i t h  Oxidizer Tank 1 Leak  
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cooling observed. 
10:43 and 12:08 GMT on day 261. 

5. 1 . 5 . 6  

The t ime of the leak can be established to be  between 
I 
8 Possible Ccrrz la t ion  G f  F u e l  Si;stcrx Pressure Drsp and 

Collapse of Shock Absorbers 2 and 3 

An attempt was made to correlate  thermal  date with the fuel sys tem 
p r e s s u r e  drop on day 265 and the collapse of two of the shock absorbers  on 
days 266 and 267.  

F igures  5. 1-3, 5. 1-4,  and 5.1-5 present  the tempera ture  his tor ies  
of those i tems  exhibiting an apparent change in cooldown ra t e  during this  t ime 
inter V a l .  

The units in the leg 1 region (F igure  5.  1-3) show a discontinuity a t  
This t ime does not correspond with approximately 06:OO GMT on day 266. 

e i ther  the dec rease  in fuel p re s su re  o r  collapsing of the shock absorbers  
( f i r s t  observed af te r  22:OO GMT on day 266) .  
is due to changes in  local unit shadowing and/or  so l a r  reflections brought 
about by the relatively low solar  elevation angle. 
panel /planar  a r r a y  assembly is  well away f rom the vehicle. ) There  is no 
the rma l  evidence to suggest a f u e l  leak during this t ime.  

It is probable that the response 

(The shadow of the so l a r  

The units in the leg 2 (Figure 5. 1-4) region exhibit discontinuities 
during the la t ter  pa r t  of day 266. 
e i ther  the fuel p r e s s u r e  decay o r  the collapsing of the shock absorbers .  
felt that  the response is the resu l t  of the sun passing through the spacecraf t  
and illuminating units such a s  the shock absorber  and gas jet  which had 
previously been in a region of l o c a l  spacecraft  shadow. 

Again the data cannot be cor re la ted  to 
It is 

Oxidizer line 3 (F igure  5. 1-5) exhibits a slight discontinuity in cool- 
down during day 266. The change i s  gradual,  however, and would appear to 
be the r e su l t  of local so la r  illumination var ia t ions.  The re  is no evidence of 
variations in the response of the helium tank. 

In conclusion, review of the Surveyor V lunar day thermal  data reveals  
that only the oxidizer tank 1, r e t r o  attach point 1, and oxidizer line 1 
tempera ture  data f r o m  day 261 cannot be explained by either normal  sun 
elevation progress ion  o r  movement of the so l a r  panel /planar  a r r a y  assembly .  
The data show no correlation with either the fuel p r e s s u r e  decay o r  the 
collapse of the shock abso rbe r s .  

5. 1. 5. 7 Solar Panel /P lanar  Array 

During lunar day, both the solar panel and the planar a r r a y  antenna 
reached tempera tures  higher than those experienced on previous spacecraft. 
The planar a r r a y  exceeded i t s  upper tempera ture  l imit  of 280" F by 16degrees  
on day 260. On the basis  of type approval tes t s ,  it was decided that the planar 
a r r a y  could operate at temperatures  as high a s  375" F. It was recommended 
that the allowable l imit  be changed for future operation and future spacecraft .  

5. 1 -29  



5. 1-30  



I. 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
3 
I 
I 
1 
I 

8 
1 

a 
5. 1-31  



e 

h 

Q 
m 
N 

I 
m 
Lf! 
N 

1 

5 
0 
Y 

a, 
k 
5 
rd 
k 
a, 

U 

; 
a, 

E-r 
rrl 

s 
.d 

4 
k 
a, 
N 
.d 

2 ox 
Lf! 

I 
4 

Lf! 

a, 
k 
5 
M c 

5. 1 - 3 2  



The so lar  panel exceeded its upper temperature  l imit  of 235°F 
beginning on day 257. 
it became necessary  to step the panel down to lower i ts  temperature .  

On day 260, the tempera ture  increased to 272°F and 

The excessive so l a r  panel temperature  was partially due to the so la r  
panel switch turning off during television operations as a resul t  of t ransients  
causing increased energy dissipation in the panel. 
future by ei ther  operating in bypass mode o r  with battery logic off during 
television operation and a t  other t imes when solar  panel switch t r ip  is likely. 

This w i l l  be avoided in  the 

Operation of the solar  panel a t  elevated tempera tures  for shor t  periods 
of time w i l l  not do significant ha rm to the panel (Reference 3 ) .  
w a s  recommended not to change the allowable tempera ture  l imit  to avoid 
casual  operation a t  elevated temperatures .  

However, it 

5. 1. 5. 8 F i r s t  Lunar Night 

The f i r s t  lunar night survival program consisted of two plans.  The 
f i r s t  plan, suggested by SPAC and lasting the f i r s t  59 hours of lunar  night, 
was to maintain the compartment B upper t r a y  (V-21) between 20" and -16"F, 
which would automatically keep the main bat tery in compartment A above 
20°F due to  the interrogations and TC &HA use in compartment B. The 
second plan, suggested to simplify operations and conserve power, called for 
dissipating just  enough heat in the compartment A and B electronics to hold 
their  t empera tures  steady . 

The first survival plan consisted of: 1) determining the lunar  night 
heat l o s ses  f rom the compartment system, and 2) determining a plan of 
action to  control the main battery above 20°F and compartment B above i t s  
lower specified operational l imit .  
operational l imit  for  the upper t ray  (V-21) was 0 ° F ;  however, SPAC obtained 
permiss ion  to operate  the upper t ray  to -20°F. 

The compartment B lower specified 

The initial period of the f i r s t  plan consisted of determining compart-  
ment heat losses  and thermal  switch openings. 
t he rma l  switches on compartment A opened within their  specified tempera-  
t u r e  range. 
compartment B opened within specifications. One thermal  switch (V-24) on 
compartment  B opened out of specification when the upper t r ay  tempera ture  
(V-21) was -4"F, and the l a s t  monitored thermal  switch (V-45) never  opened 
even though the upper t r ay  was dropped to - 2 2 ° F  seve ra l  t imes .  
determined through analysis  that, a t  the beginning of the lunar  night compart-  
ment deep f reeze ,  all the thermal  switches in compartment A were  open, and 
all but one the rma l  switch in  compartment B were open. 

All of the four monitored 

Only one (V-46) of the three monitored thermal  switches on 

It w a s  

The initial plan of action was to control the compartment tempera tures  
using the following general  philosophy: 
(V-21) above -20°F by turning the compartment B TC &HA on a t  the beginning 
of each interrogation and off a t  the end of i t ,  2) go into standby mode between 
interrogations to conserve power consumption, and 3) the main bat tery in 
compartment  A should not drop in temperature  due to  the heat supplied by the 
int e r r oga ti ons . 

I) keep compartment B upper t r a y  
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Compartment  B 

q (avg.  ) = ( 0 .  137)(16. 9)  t (0 .  863)(9.  9)  

= 10. 86 wat ts  

The re fo re ,  it can be concluded that the heat l o s s e s  f r o m  the  Surveyor  V 
compar tment  A and B were :  

Heat Loss. wat t s  

Total  
Compar tment  

Loss  

Compar tment  A a t  20 F 

Compar tment  B at - 15 F 

9. 23 

10. 86 

L e s s  Stuck Compar tmen t  
Switch Loss Sys t em Loss  

- 9. 23 

3 . 4  7.46 
= - 4 2 ° F )  ( T r a d  

The  ac tua l  lunar  night t empera tu re  of compar tments  A and B up to  the point 
of shutdown a r e  p re sen ted  in  F i g u r e s  5. 1-121 to 5. 1-131. 
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APPENDIX A 
TO SECTION 5 . 1  

TRANSIT TEMPERATURE PLOTS 

Appendix A contains F i g u r e s  5. 1 -6  to 5. 1 - 7 8  which a r e  t rans i t  t h e r m a l  
plots .  
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APPENDIX B 
TO SECTION 5 . 1  

LUNAR DAY TEMPERATURE PLOTS 

Appendix B contains F i g u r e s  5. 1-79 t o  5.  1-147 which a r e  the first 
l u n a r  day t e m p e r a t u r e  plots .  
was d e r i v e d  f r o m  information available i n  Reference  5. Table  5. 1-B1 l i s t s  
t i m e s  of high power operat ion during L u n a r  Day One. 

The  sun incidence angle noted on t h e s e  plots  

5 . 1  -B1 
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TABLE 5. l - B l .  HIGH POWER - LUNAR DAY ONE 

I 

Day:Hr: Min 

254: 0 1: 09 
01: 19 
03: 0 6  
03:51 
04: 44 
12: 15 
15: 36 

25  6: 00: 09 
01:50 
05: 14 
05: 32 
05: 43  

258: 02: 34 
04: 44 

259: 0 3: 35 

2 60: 0 1: 47 
04: 15 
04: 40 
05: 10 
07: 37 
08: 0 2  
10: 16  
10: 36 
23: 31 

2 61: 0 1: 46  
04: 50 
05: 52 

263: 16: 45 
17: 25 
17: 4 1  
18: 05 

2 64: 03: 5 1 
03:56 

Event  

High power off - t r a n s m i t t e r  B 
High power on - t r a n s m i t t e r  A 
Low power on - t r a n s m i t t e r  A 
High power on - t r a n s m i t t e r  A 
Low power on - t r a n s m i t t e r  A 
Alpha s c a t t e r i n g  device to  background posit ion 
Alpha sca t te r ing  device  deployed to  l u n a r  s u r f a c e  

High power on - t r a n s m i t t e r  A 
High voltage off - t r a n s m i t t e r  A 
High power on - t r a n s m i t t e r  A 
Sta t ic  f i r ing  
Low power - t r a n s m i t t e r  A 

High power on - t r a n s m i t t e r  A 
High power off - t r a n s m i t t e r  A 

Alpha sca t te r ing  h e a t e r  on  
(cycling f r o m  50" t o  6 0 ° F )  

L u n a r  noon 
Alpha s c a t t e r i n g  h e a t e r  off 
High power on - t r a n s m i t t e r  A 
High power off - t r a n s m i t t e r  A 
High power on - t r a n s m i t t e r  A 
High power off - t r a n s m i t t e r  A 
High power on - t r a n s m i t t e r  A 
High power off - t r a n s m i t t e r  A 
Spacecraf t  shutdown 

Spacecraf t  on 
High power on - t r a n s m i t t e r  A 
High power off - t r a n s m i t t e r  A 

High power on - t r a n s m i t t e r  A 
High power off - t r a n s m i t t e r  A 
High power on - t r a n s m i t t e r  A 
High power off - t r a n s m i t t e r  A 

High power on - t r a n s m i t t e r  A 
High - power off - t r a n s m i t t e r  A 

Surveyor  V rev ised  for  second l u n a r  d a y  on  288:08: 10. 
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Figure 5. 1-79. Sensor AS-3: Sensor Head Temperature  

Figure 5. 1-80. Sensor AS-4: Electronic Temperature  
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Figure 5. 1-81 .  Sensor D-13: Transmi t te r  A Tempera ture  

Figure 5. 1-82 .  Sensor D-14: Transmi t te r  B Temperature  
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Figure 5. 1-83. Sensor EP-8: Main Battery Temperature  

Figure 5. 1-84. Sensor EP-12: Solar All A r r a y  Temperature  
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Figure 5.1-85. Sensor  EP-13: Boost Regulator Tempera tu re  

F igure  5.1-86. Sensor  EP-34: Bat te ry  Charge Regulator Tempera tu re  
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Figure  5. 1-87. Sensor  FC-44: Flight Control Elec t ronics  T e m p e r a t u r e  1 

F i g u r e  5. 1-88. Sensor  FC-45: Flight Control Elec t ronics  T e m p e r a t u r e  2 
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Sensor  FC-46:  Rol l  Gyro  'Temperature  

I 

F i g u r e  5. 1-90 .  Sensor  FC-47 :  Canopus S e n s o r  Tempera tu re  
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F i g u r e  5. 1-91. S e n s o r  FC-48:  Ni t rogen  G a s  Tank T e m p e r a t u r e  

F i g u r e  5 .1-92 .  Sensor  FC-54: P i t c h  G r y o  T e m p e r a t u r e  
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F i g u r e  5. 1-93. S e n s o r  FC-55: Yaw G y r o  T e m p e r a t u r e  

F i g u r e  5. 1-94. S e n s o r  FC-70: Att i tude G a s  J e t  2 T e m p e r a t u r e  
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Figure  5. 1-95. Sensor  FC-7 1: Roll Actuator  Tempera tu re  

F igu re  5. 1-96. Sensor  M-8: Planar A r r a y  T e m p e r a t u r e  
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Figure 5. 1-97. Sensor M-10: Solar  Panel  Stepping Motor Tempera ture  

F igure  5. 1-98. Sensor M-12: Elevation Axis Stepping Motor Tempera ture  
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Figure 5. 1-99.  Sensor P-4: Vernier  Lines 2 Temperature  

Figure 5. 1-100.  Sensor P-5: Vernier  Fuel Tank 2 Tempera ture  
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F i g u r e  5.1-101. S e n s o r  P-6:  V e r n i e r  Oxidizer  Tank 3 T e m p e r a t u r e  

F igure  5. 1-102. S e n s o r  P - 7 :  V e r n i e r  Engine 1 T e m p e r a t u r e  
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F i g u r e  5. 1-103.  S e n s o r  P - 8 :  V e r n i e r  Lines 1 T e u l p e r a t u r e  

F i g u r e  5. 1 -104 .  S e n s o r  P-9: V e r n i e r  L i n e s  3 T e m p e r a t u r e  
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F i g u r e  5. 1-105. Sensor  P-10: V e r n i e r  Engine 2 T e m p e r a t u r e  

F igure  5.1-106. Sensor  P-11: V e r n i e r  Engine 3 T e m p e r a t u r e  

5. 1-B16 



F i g u r e  5. 1-107.  S e n s o r  P-13: V e r n i e r  F u e l  Tank  1 T e m p e r a t u r e  

F i g u r e  5. 1-108. S e n s o r  P-14: V e r n i e r  F u e l  T a n k  3 T e m p e r a t u r e  
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Figure  5. 1- 109. Sensor  P- 15: Vern ie r  Oxidizer  Tank 1 T e m p e r a t u r e  
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F i g u r e  5. 1-111.  S e n s o r  P-17: H e l i u m  Tank T e m p e r a t u r e  

F i g u r e  5. 1-112.  S e n s o r  P-23: V e r n i e r  F u e l  L i n e  1 T e m p e r a t u r e  



F i g u r e  5. 1-113. S e n s o r  P-24: V e r n i e r  F u e l  L i n e  2 T e m p e r a t u r e  

F i g u r e  5. 1-114.  S e n s o r  P-25:  V e r n i e r  F u e l  L i n e  3 T e m p e r a t u r e  

5. 1-BZO 



t - -  ! 

. I .  

I , 

-rT--z-e 

I !  
I 

. .  

. .  

- 1  
. . .  

I 

i 
/ '  --t 
1. 

-. t 

F i g u r e  5. 1 - 11 5. Sensor R-8: RADVS (KLY)  Unit T e m p e r a t u r e  

1 

F i g u r e  5. 1 - 116. S e n s o r  R-9: RADVS Signal  Data  C o n v e r t e r  T e m p e r a t u r e  
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F i g u r e  5.1 - 117. S e n s o r  R-  10: Doppler R a d a r  S e n s o r  T e m p e r a t u r e  

F i g u r e  5.1-118. S e n s o r  R-13: A l t i m e t e r  R a d a r  S e n s o r  T e m p e r a t u r e  
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F i g u r e  5. 1 - 119. S e n s o r  T V -  16: S u r v e y o r  C a m e r a  E l e c t r o n i c s  T e m p e r a t u r e  

F i g u r e  5. 1-120.  S e n s o r  TV-17: S u r v e y o r  Camera M i r r o r  A s s e m b l y  
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Figure 5. 1-121. Sensor V-15: Compartment A Thermal  Tray  Tempera ture  

Figure 5. 1 - 122. Sensor V-  16: Lompartment A Lower Support Temperature  
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F i g u r e  5 .1 -123 .  S e n s o r  V-18: C o m p a r t m e n t  A C a n i s t e r  T e m p e r a t u r e  

F i g u r e  5. 1-124.  S e n s o r  V-19: C o m p a r t m e n t  A Swi tch  5 Base T e m p e r a t u r e  
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Figure  5. 1-125. Sensor  V-20: Compartment  A Switch 5 in  F a c e  Radiator 
Tempera tu re  

F igu re  5. 1-126. Sensor  V-21:  Compartment  B T r a y  Top Center  
Tempera tu re  
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Figure 5. 1 - 1 2 7  Sensor V-22: Compartment B Lower Support Temperature  

F igure  5. 1 - 128. Sensor V-23:  Compartment B Canis ter  Temperature  
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Figure  5. 1-129. Sensor V-24: Compartment  B Switch 4 in  Face  Radiator  
Tempera tu re  

F igu re  5. 1-130. Sensor  V-25: Compartment  A Switch 8 in F a c e  Radiator 
Tempera tu re  
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Figure 5. 1 - 1 3 1 .  Sensor V-26: Compartment B Switch 4 Base Temperature  

Figure 5. 1 - 1 3 2 .  Sensor V-27:  Upper Spaceframe 1 Tempera ture  
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Figure 5. 1-133. Sensor V-28: Spaceframe Tempera ture  Under 
Compartment A 

Figure  5. 1-134. Sensor V-29: Wire Harness  Tempera ture  Thermal  Tunnel 
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F i g u r e  5. 1-135. S e n s o r  V-30: Shock A b s o r b e r  1 T e m p e r a t u r e  

F i g u r e  5. 1 - 136. Sensor  V-32: Shock A b s o r b e r  2 T e m p e r a t u r e  
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F i g u r e  5. 1-137.  S e n s o r  V-33: Shock A b s o r b e r  3 T e m p e r a t u r e  

F i g u r e  5.1-138.  S e n s o r  V-35: U p p e r  S p a c e f r a m e  2 T e m p e r a t u r e  
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Figure 5. 1 -  139.  Sensor V-36: Spaceframe Temperature  Under 
Compartment 3 

Figure 5. 1 - 1 4 0 .  Sensor V-37: Retro Attach Point 1 Temperature  
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Figure  5.1-141. Sensor  V-38: Ret ro  Attach Point 2 T e m p e r a t u r e  

F i g u r e  5 .1-142.  Sensor  V-39: Re t ro  Attach Point 3 T e m p e r a t u r e  
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Figure  5. 1-143. Sensor V-44: Crushable Block Tempera ture  

F igure  5. 1-144. Sensor  V-45: Compartment  B Tempera tu re  Switch 1 
i n  Face Radiator 

5. 1-B35 



Figure  5. 1-145.  Sensor  V-46:  Compar tment  B T e m p e r a t u r e  Switch 5 
i n  F a c e  Radiator  

F i g u r e  5. 1-146. Sensor  V - 4 7 :  Compar tment  A T e m p e r a t u r e  Switch 2 
in  F a c e  Radia tor  
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Figure  5. 1-147.  Sensor V-49:  Compartment A Tempera tu re  Switch 3 
i n  Face Radiator 

5. 1 -B37 



5 . 2  ELECTRICAL POWER SUBSYSTEM 

5 . 2 . 1  INTRODUCTION 

The  electrical power (EP) s u b s y s t e m  g e n e r a t e s ,  s t o r e s ,  conver t s ,  
and cont ro ls  e l e c t r i c a l  energy f o r  distribution to  o t h e r  s p a c e c r a f t  s u b s y s t e m s .  
T h e r e  a r e  two s o u r c e s  f o r  this  energy: 
conver ted  d i rec t ly  to e l e c t r i c a l  energy u s e d  f o r  s y s t e m  loads o r  b a t t e r y  
charg ing .  
the  s o l a r  pane ls .  

s t o r a g e  b a t t e r i e s  and radiant  e n e r g y  

During t r a n s i t ,  the pr imary  s o u r c e  of power is radiant  energy  via  
F i g u r e  5 . 2 - 1  shows a s s o c i a t e d  equipment groupings.  

P e r f o r m a n c e  of the E P  subsys tem during the S u r v e y o r  V flight, and 
f i r s t  l u n a r  day operat ion w a s  nominal as c o m p a r e d  to t e s t  data  and s i m u l a -  
tion ana lys i s  predict ions.  
during the  five additional b u r n  periods that  o c c u r r e d  after t h e  init ial  m i d -  
c o u r s e .  Never the less ,  the b a t t e r y  p e r f o r m e d  excel lent ly  through t e r m i n a l  
descent  and  during the f i r s t  lunar  day. 
t r a n s i t  phase  w a s  slightly g r e a t e r  than expected. 
s o l a r  pane l  output w a s  a s  predic ted .  

Additional e n e r g y  w a s  e x t r a c t e d  f r o m  the b a t t e r y  

Solar  panel  e n e r g y  output f o r  the 
During the lunar  phase ,  

A l l  o t h e r  units p e r f o r m e d  a s  anticipated.  

Fl ight  data  w e r e  used  t o  calculate  s o l a r  panel  input power and regu-  
l a t o r  eff ic iencies .  Analysis of specific loads,  c o m p a r i s o n  to predict ion,  a n d  
explanation of d i s c r e p a n c i e s  will b e  made .  

In Table  5. 2-1,  m a j o r  events a r e  p r e s e n t e d  i n  GMT.  In g e n e r a l ,  t h e  
divis ions of Table  5 . 2 - 1  cor respond to flight p h a s e s  of impor tance  to the  EP  
s u b s y s t e m  and m a y  not c o r r e s p o n d  to fl ight phases  i n  o t h e r  subsec t ions .  
Basical ly ,  t h e  flight is divided into times cor responding  t o  significant changes  
in e l e c t r i c a l  loads .  Load changes corresponding to  t h e s e  flight p h a s e s  a r e  
par t ia l ly  i l lus t ra ted  by the regulated c u r r e n t  (EP- 14)  and more completely 
by the b a t t e r y  d i s c h a r g e  c u r r e n t  (EP-9). 

5 . 2 . 2  ANOMALY DESCRIPTION 

No a n o m a l i e s  w e r e  detected in  the e l e c t r i c a l  power  s u b s y s t e m  during 
the t r a n s i t  o r  the  first lunar  day.  

5 . 2 - 1  
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TABLE 5 . 2 - 1 .  ELECTRICAL POWER EVENTS AND TIMES 

F r o m  

251 :07: 57:Ol 

251:08:16:41 

25  1:0 8:3 7: 25 

251:14:03:27 

251 : 14:33 :40 

2 5 2 0 1  : 15:32 

252:O 1 :43 :15 

25.20 1 :4 5:35 

252:02:55:45 

252:04: 16: 13 

2 52:05:0 1 : 5 1 

252: 0 8 2 1 :  09 

252:08:47:  10 

252: 10:31:26 

252: 11  :30:46 

252: 23: 06:  28 

252:23:51:32 

253: 18:12: 14 

254 : 00 :20 : 24 

To 

251 : 08: 16: 26 

251:08:37:25 

251: 14::03:27 

251 :14:33:40 

252 : O  1 : 15: 32  

2 5 2 0 1  :43: 15  

252:01:45:35 

252:02:55:45 

2 5 2 0 4 :  16: 13 

252:05:01:51 

252:08:21:09 

252:08:47: 10 

252: 10 :3  1 :26 

252:11:30:46 

252: 23 :06: 28 

252:23:51:32 

253: 18: 12: 14 

2 54 :00 : 20 : 24 

254 : 00 :44 : 4 8  

Comments  
-~ ~ _ _ _ _ _ _ _  

Launch and separat ion 

Transmi t t e r  high power 

Coast  

Coast,  t r ansmi t t e r  high power 

Coast  

T ransmi t t e r  high power 

Midcourse maneuver ,  t r ansmi t t e r  high power, 
and flight control  th rus t  phase power on 

Vernier  engine burn  period, t r ansmi t t e r  in  
high power 

Coast 

Vernier engine burn  period, t r ansmi t t e r  i n  
high power 

Coast 

Vernier engine bu rn  period, t r ansmi t t e r  in  
high power 

Coast 

Transmi t te r  high power 

Coast 

Vernier  engine b u r n  period, t r ansmi t t e r  in 
high power 

Coast 

T ransmi t t e r  high power,  p r e r e t r o  maneuvers  

T ransmi t t e r  high power,  AMR on, RADVS on, 
te rmina l  descent  and touchdown 
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5 . 2 . 3  SUMMARY AND CONCLUSIONS 

5 . 2 . 3 .  1 Summary  

Table  5 .2-2  p r e s e n t s  a summary of fl ight data  f o r  Surveyor  V coin-  
p a r e d  to  t e s t  data for the e l e c t r i c a l  power s u b s y s t e m .  

5, 2. 3. 2 Conclusion 

Operation of the  e l e c t r i c a l  power s u b s y s t e m  w a s  nominal  throughout 
the s p a c e c r a f t ' s  f l ight.  

5 . 2 . 4  ANALYSIS 

T h e  analysis  c o n s i d e r s  four  a r e a s :  m i s s i o n  t e l e m e t r y  plots,  power 
loads  and s o u r c e s  budget, c o m p a r i s o n  of flight loads  and flight acceptance  
t e s t  loads ,  and cycl ic  loads .  

5. 2 . 4 .  1 Mission T e l e m e t r y  P lo ts  

F i g u r e s  5 .  2 -2  through 5 .  2 -5  are  se lec ted  n i i ss ion  plots which are  
per t inent  to  the E P  s u b s y s t e m .  
s igna ls  at 100-point averaging.  
plots  and d a t a  averaging,  they g i v e  excel lent  information f o r  cons idera t ion  
of t r e n d s  in data flow. F i g -  
u r e  5 . 2 - 6  gives ac tua l  R A D V S  load, and F i g u r e  5 .  2 - 7  gives a plot on u n r e g -  
ulated c u r r e n t  ( E P - 4 )  p r i o r  to t e r m i n a l  descent .  

They r e p r e s e n t  l ine plots  of the analog 
Consequent ly ,  due to  the s c a l e  of these  

The plots  extend only to the f i r s t  m i d c o u r s e .  

5 . 2 . 4 . 2  Power Loads  and S o u r c e s  Budget 

Energv  U s e d  

Table  5 . 2 - 2  contains a s u m m a r y  of energy  expended as  calculated 
f r o m  flight t e l e m e t r y  and predict ions d e r i v e d  f r o m  s o l a r  t h e r m a l  vacuum 
t e s t s  on specif icat ions.  Since s o l a r  panel  output poxver was approximately 
2.  5 percent  g r e a t e r  than expected, energy  taken f r o m  the b a t t e r y  w a s  l e s s  
than predicted.  

Power  Data 

Incorporat ion of the new power s u b s y s t e m  into Surveyor  V r e q u i r e d  a 
rev is ion  f o r  efficiency ca lcu la t ions .  
t h e  m i s s i o n  w e r e  calculated as  follows: 

Eff ic iencies  f o r  the t r a n s i t  port ion of 

1 )  BCK Efficiency 

- ( E P - 3 0 )  ( E P - 1 1  - 0 .  125)  
E f f ~ ~ ~  - ( E P - 1 0 )  ( E P - 1 1 )  
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TABLE 5 .2-2 .  ELECTRICAL POWER SUMMAKY 

I t e m  

Boost  regula tor  efficiency, t r a n s -  
mitter low power,  p e r c e n t  

Boost  regula tor  efficiency, t r a n s  - 
m i t t e r  high power,  p e r c e n t  

B a t t e r y  c h a r g e  regula tor  efficiency 

B a t t e r y  c h a r g e  regula tor  output 
energy ,  w - h r  

S o l a r  panel  output power,  w a t t s  

B a t t e r y  energy  used,  w-hr  

Tota l  energy  u s e d ,  w-hr  

Se lec ted  loads 

T r a n s m i t t e r  B high power,  
w a t t s  

T r a n s m i t t e r  B f i lament  power,  
wat ts  

F l igh t  cont ro l  t h r u s t  phase  power on 

Regulated,  wat t s  

Unregulated,  wat t s  

AMR on, wat ts  

AMR enable,  wat t s  

RADVS power on, wat ts  

V e r n i e r  ignition 

Midcourse,  wat ts  ( f i r s t  
m i d c o u r s e )  

T e r m i n a l  descent ,  wat t s  

V e r n i e r  l ine 2 ,hea te r ,  wat t s  (29 
p e r c e n t  duty cyc le)  

Alti tude marking  r a d a r  h e a t e r ,  
wat t s  (64. 3 p e r c e n t  duty cyc le)  

Gyro  h e a t e r ,  wat t s  (28. 7 p e r c e n t  
duty cyc le)  

Fl ight  Data 
P r e d i c t e d  o r  
Specification 

80 

86 

9 4 . 5  

5226 

85. 5 

1782 

700 8 

56.09 

3 .  13 

29.61 

1 2 . 5 1  

40 .96  

31. 55 

530.21 

3 7 . 1  

33. 86 

1 . 9 1  

3 . 2 3  

9 . 4 8  

77 ( m i n i m u m )  

82 ( m i n i m u m )  

93 .3  (minimum) 
5 0 7 0 ::: 

81 ( m i n i m u m )  
2090:: 

7160 

58. 0 

2 . 9  

31.32 

11 .66  
41. 53 

31.60 

55 1 

3 9 . 6  

3 9 . 6  

6 . 6  ( m a x i m u m )  

5 . 0 4  ( m a x i m u m )  

3 3 . 0  ( m a x i m u m )  

-~ 

.r. 1- 

Predic t ions  d e r i v e d  f r o m  s o l a r  t h e r m a l  vacuum t e s t s .  
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Figure  5. 2-2.  Unregulated Bus Voltage - Averaged  Data 

F igu re  5. 2- 3.  Unregulated Output Cur ren t  (EP-4)  - Averaged Data 

5 . 2 - 6  
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F i g u r e  5. 2-4. B a t t e r y  Di scha rge  C u r r e n t  - Averaged  Data  

F i g u r e  5. 2-5.  Regulated Output C u r r e n t  - A v e r a g e d  Data  
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where (EP-11 - 0.  125) is the output of the BCR. 
sents solar  panel output and 0. 125A the loss  in the BCR. 
shunt is provided to measu re  output cur ren t .  

EP-11  r e p r e -  
No 

2) BR Efficiency 

a )  F o r  EP-14 C BCR output 

- (EP-1)  (EP-14)  -I- (EP-2) (EP-11 - 0 .  125 - EP-14/0 .92)  EffBR - 
(EP-30)  (EP-11 - 0.125) + (EP-2) (EP-7)  

where EP-14/0 .  92 represents  input to  the postregulator 
(postregulator efficiency is estimated at  92 percent) .  

b) F o r  EP-14 > BCR output. 

- (EP-1 )  (EP-14)  - 
EffBR (EP-30)  (EP-11 - 0 .  125) t (EP-2 )  LEP-7 SEP-14 /0 .  92 - (EP-11  - 0. 125)] 

Efficiency data provided in Table 5. 2-2 represent  an average of values 
derived f r o m  the CDS computer which was programmed to make the above 
efficiency calculations. 

5 .2 .4 .3  Comparison of Flight Loads and Flight Acceptance Tes t  Loads 

Comparison of te lemet ry-measured  and flight acceptance tes t -  
measured loads (Reference 1) w i l l  be made for  selected units, various 
hea ters ,  and large cu r ren t  dra ins .  

S e 1 ec t ed E a ui Dm e nt Lo ads 

Results of comparing flight and tes t  specification selected equipment 
loads a r e  presented in Table 5. 2-3. 
a r e  a s  follows: 

The loads and equipments considered 

1) Transmit ter  High Voltage On. 
voltage power supply. 
taken during flight acceptance tes t s .  

Command 0106 turns  on the high 
Flight data compares  favorably with data 

2) RADVS Power On. Command 0637 applies power to the RADVS. 
The power consumed is close to that expected. 
(EP-17, r ada r  and squib cur ren t )  shows the cur ren t  profile. 

F igure  5.2-6 

3)  Flight Control Thrus t  Phase  Power On. Command 0727 turns  
on the thrust  phase dc power supply in the flight control unit. 
Load cu r ren t  for the thrust  phase command was consistent with 
flight acceptance t e s t  data. 
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1 GMT, 1 Command  T i m e ,  

Command(  s )  "' day: h r :  min : sec  Flight 

TABLE 5 . 2 - 3 .  SELECTED EQUIPMENT LOADS 

m i l l i a m p e r e s  

F l igh t  con t ro l  
t h r u s t  phase  
power  on (0727) 

Midcours  e 
252:01:43:16 

I I 

R 
U 

R T e r m i n a l  

U 254 :00:41:00 

T r a n s m i t t e r  B 252:Ol: 15:19 
(0106) 

R 

F i l a m e n t  B 252:Ol: 13:26 
power  on 

R 

1204 

410 

1178 

395 

1934 

108 

V e r n i e r  ignit ion 
(0721)  

U 

U 

AMR on (0626) 254 :00:40:00 

Midcour s e  
252:01:45:01 

1749 
T e r mina l  1678 
254:00:44:46 

RADVS power on 
(0637) 

U 

R = regula ted ;  U = unregula ted .  

254:00:44:55 

28910 

Gvro Heater  

Specification 
(Refe rence  1)  

1210 

4 80 

1210 

4 80 

2000 

100 

1800 

1800 

1886 

1439 

29000 

F l igh t  

34.916 

9 . 0 2  

34 .16  

8 . 6 9  

56 .09  

3. 13  

3 7 . 1  

3 3 . 8 6  

40. 96 

31. 55 

530.21 

Power ,  
wa t t s  

Specification 
(Refe rence  1)  

35 .09  

10. 56 

3 5 . 0 9  

10. 56 

58. 0 

2 . 9  

39. 6 
39. 6 

41. 53 

31 .60  

551 

T h e  per iodic  loading that occurs  in EP-40 contains g y r o  h e a t e r  effects .  
The  g y r o  h e a t e r s  have a s h o r t  on-off cyc le  when c o m p a r e d  t o  the  al t i tude 
marking  r a d a r  (AMR) and v e r n i e r  line h e a t e r s  ( E P - 4 ) .  E a c h  g y r o  h e a t e r  
load is  approximately 0 . 4 8  a m p e r e ,  which c o m p a r e s  favorably t o  the  flight 
acceptance  t e s t  data .  

5 . 2 - 9  



5 . 2 - 1 0  



1. 
I 
I 
I 
6 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

AMR and  V e r n i e r  Line  H e a t e r s  
~ 

F i g u r e  5. 2 - 7  I s  a p ! ~ t  ~f EP-4 at ? O  sec!in G y r o  h e a t e r  e f f ec t s  
are  no ted  on a s e p a r a t e  shunt .  
h e a t e r  are a p p a r e n t .  
at t h i s  t i m e .  
and  t h e  AMR h e a t e r  d r a w s  about  230 m i l l i a m p e r e s .  
with t e s t  d a t a ,  ind ica t ing  tha t  v e r n i e r  l i ne  2 h e a t e r  should  d r a w  about  
300 m i l l i a m p e r e s  and  tha t  t h e  AMR h e a t e r  should  d r a w  about  230 mill i-  
a m p e r e s .  

The c y c l i c  load effects of the v e r n i e r  l i ne  2 
Only t h e  A M R  a n d  v e r n i e r  l ine  2 h e a t e r s  are  c y c l i c  

T h e  v e r n i e r  l i ne  2 h e a t e r  u s e s  a p p r o x i m a t e l y  283  m i l l i a m p e r e s ,  
T h i s  a g r e e s  f avorab ly  
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5 . 3  R F  DATA LINK SUBSYSTEM 

5. 3. 1 INTRODUCTION 

T h i s  sec t ion  con ta ins  a s u m m a r y  and a n a l y s i s  of t he  p e r f o r m a n c e  of 
the  d a t a  l ink s u b s y s t e m  dur ing  Surveyor  Miss ion  E .  

The  da ta  l ink s u b s y s t e m  cons i s t s  of the  t r a n s m i t t e r s ,  t r a n s p o n d e r s ,  
r e c e i v e r s ,  command  d e c o d e r s ,  and antennas.  It is the  funct ion of t h i s  s u b -  
s y s t e m  to: 1)  provide  eng inee r ing  data t r a n s m i s s i o n  f r o m  the  s p a c e c r a f t  at 
b i t  r a t e s  compat ib le  with spec i f i c  mis s ion  p h a s e s ,  2 )  p rov ide  ana log  d a t a ,  
s u c h  as  tha t  f r o m  t e l ev i s ion  and s t r a in  gauges ,  at s i g n a l  l e v e l s  high enough 
for p r o p e r  d i sc r imina t ion ,  3 )  provide p h a s e  c o h e r e n t  two-way dopp le r  f o r  
t r a c k i n g  and o r b i t  de t e rmina t ion ,  and 4) provide  command  recep t ion  c a p a -  
b i l i ty  th roughout  the  m i s s i o n  to  allow for comple t e  c o n t r o l  of t h e  s p a c e c r a f t  
f r o m  the  ground.  
s y s t e m  is shown in F i g u r e  5. 3-1. 

A s impl i f ied  block d i a g r a m  of the  communica t ions  s u b -  

T h e  p e r t i n e n t  s u b s y s t e m  uni ts  on the  s p a c e c r a f t  du r ing  t h e  m i s s i o n  
a r e  a s  fol lows:  

Unit  
Part  S e r i a l  

Number  N u m b e r  

R e c e i v e r  A 231900-3 19 
R e c e i v e r  B 231900-3 20  
T r a n s m i t t e r  A 3024400-1 12  
T r a n s m i t t e r  B 3024400-1 14 
Command  decode r  uni t  232000-5 6 

Unlike m o s t  s u b s y s t e m s ,  individual  da t a  l ink s u b s y s t e m  p a r a m e t e r s ,  

The  compos i t e  e f fec t  of 
such  a s  l o s s e s ,  ' t h r e s h o l d  sens i t iv i ty ,  modula t ion  index,  e tc .  , are  not  m e a s -  
u r e d  o r  individual ly  d e t e r m i n e d  f r o m  m i s s i o n  data .  
t h e s e  p a r a m e t e r s  on the  p e r f o r m a n c e  is  m e a s u r e d  as  r e c e i v e d  s igna l  power  
a t  the  s p a c e c r a f t  and t h e  t r ack ing  s ta t ion (DSS) and as t e l e m e t r y  and c o m -  
mand e r r o r  r a t e s .  Consequent ly ,  it is imposs ib l e  t o  c o m p a r e  individual  
l ink  p a r a m e t e r s  t o  spec i f ied  p e r f o r m a n c e  c r i t e r i a .  T h e  b e s t  t ha t  can  be 
done is t o  c o m p a r e  m e a s u r e d  s i g n a l  l eve l s  t o  p red ic t ed  l e v e l s ,  and t e l e m e t r y  
qua l i ty  and command  capabi l i ty  to  pred ic ted  capab i l i t i e s .  
the  a n a l y s i s ,  omnid i r ec t iona l  antenna gain is a m a j o r  con t r ibu to r  to  the  
u n c e r t a i n t y  in  r e c e i v e d  s igna l  leve ls .  

To f u r t h e r  cloud 

A c c u r a t e  o m n i d i r e c t i o n a l  an tenna  gain 

5. 3-1 
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measi i rements  a re  difficult to achieve and, in m o s t  c a s e s ,  deviations f rom 
predict ions can m o s t  likely be attributed to antenna gain uncertainty. Because 
of the problems outlined above, analysis of the data link subsystem- pe r fo rm-  
ance will ,  i n  general ,  be a qualitative analysis  of the performance of the 
en t i re  siihsystpm ra the r  than a quantitative a s s e s s m e n t  of the performance 
of the individual subsystem parameters .  
per formance  evaluation in this analysis is the qualitative a s s e s s m e n t  of the 
p remiss ion  and rea l - t ime prediction techniques used during the miss ion ,  
since future miss ions  m u s t  r e ly  on these techniques a s  guidelines during the 
r ea1 - t ime operation. 

Equally as  important  as  subsystem 

In general ,  the R F  data link subsystem per formed as  expected. The 
single exception was the performance of rece iver  B, which, while s t i l l  within 
the expected tolerance region, indicated approximately a -2 db offset f rom 
predicted nominal rece iver  signal level values.  All other subsystem units 
per formed very  close to  the nominal predictions.  

The data contained in this report  cons is t  of spacecraf t  t e lemetered ,  
DSS, and  miss ion  event t ime data. Where meaningful, the data a r e  c o r r e -  
la ted t o  and compared with equipment specifications,  previous t e s t  data,  
preflight predictions,  and in-flight analysis predictions.  Specifically, this 
section contains the following discussions which a r e  shown with the appropr ia te  
subsection notation: 

Anomaly Discussion (subsection 5. 3 .2)  - This subsection contains a 
discussion of the -2db  deviation i n  the performance of r ece ive r  B f rom the 
predicted performance.  

Summary  and Conclusions- (subsection 5.3.  3 )  - This subsection con- 
ta ins  a summary  of subsystem performance with conclusions relat ive to 
per formance  and postflight analysis.  

Subsystem Pe r fo rmance  Analysis (subsection 5. 3 .4)  - This  subsection 
contains the following i tems:  

1) Genera l  discussion of data, equations used, and path of the ea r th  
vector  relative to omnidirectional antenna gain contours.  

2) Discussion of subsystem per formance  during specific miss ion  
phases.  

3) Discussion of per t inent  subsystem te lemet ry  s ignals  plotted a s  
a function of t ime f rom launch. 

The ma jo r  miss ion  event t imes relat ive to the R F  data link subsys tem 
a r e  tabulated i n  Tables  5. 3-1 and 5 . 3 - 2 .  Table 5. 3-1 contains t e l eme t ry  
mode and bit r a t e ,  p r i m a r y  tracking station number ,  and station automatic  
gain control  values as  a function of time. Table 5. 3-2 contains a tabulation 
of the subsystem configuration a s  a function of t ime.  Both tables  cover  the 
miss ion  f r o m  launch to  touchdown. Also,  in some c a s e s ,  the t imes  in  these 
tables  a r e  accura te  only to the neares t  minute. 
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TABLE 5.3-1.  T E L E M E T R Y  MODE SUMMARY 

T e l e m e t r y  
C M T ,  B i t  D S I F  D S I F ,  M a r g i n ,  

h r : m i n : s e c  Mode R a t e  S t a t i o n  A C C - d b m  d b  C o m m e n t s  

07:57:01 257 

08:  L o :  00 
08:L4: 15 
08: 24: 25 
0 8 :  24: 3 1 
08: 24: 2 8  
08:25:43 
08:26:40 
08:  27: 45 
0 8 :  28:  4 3 
08: 28: 44 
0 8 :  28:  53 
O X :  29:OO 
0 8 :  29: 50 
ox: 30: 10 
08 31 .20  
08: 36: 40 
08: 37: 12 
0 8 :  37: 2 4  
o x :  37: 5 3 
08: 18: 40 
08:  39: 34 

OX:  40: L O  
08:41:00 
08: 45: 00 
08: 45: 38 
08: 46: 10 
08:  46: 5 1 
08: 47: 45 
08: 48: 19 
08: 5 1:01 
08: 52: 5 6  
09: 00: 00  
09:04: 10 
09: 05: 50 
09: 09: 00 
09:41: 10 
10: 00: 00  
10: 18:OO 
10: 30: 0 2  
11:01:00 
11: 3 0 : O L  
11: 3 0 : L O  
11:  3 2 : O i  
1L:C4:00 
12.07: 00 
12: 16:OO 
12: 19:OL 
12: 19:20 
13: 00: 00 
13: 30: 02 
13: 31: 5 6  
13: 47: 46 
13:51:16 
13:54: 12 
14: 00: 00 
14:01:40 
14: 0 3: 29 
14: 04: 20 

550  

1100 

72 
72  
51 
51 
51  

51  
42 
42 
51 

61 

5 1  
61 

DAY 251 

-128.  0 
-116 .  0 

- 1 1 3 . 0  

- 9 5 . 0  

>- 9 5 . 0  

- 9 5 . 0  
- 124. 0 

- 1 2 3  0 

- 110.  0 
- 1 1 3 . 0  

-113 .  8 

-116 .  0 

- 115. 0 
- 1 1 7 . 5  
- 118.  5 
- 1 2 1 . 0  
- 124.  0 
- 127. 8 
-130.  5 

- 1 3 1 . 0  

- 1 3 9 . 0  
- 1 4 1 . 0  
- 142. 0 

- 125. 0 
-125.  3 

-126.  6 
-126.  7 

- 108.  0 

Low p o w e r  

t L 3 .  6 
t 2 1 .  1 
t2O. 1 
t 1 7  6 
t 1 4 .  6 
t 1 0 .  8 
t 8.  1 

t 7.  6 

- 0. 4 
- 2. 4 
- 3. 4 

f13 .  6 
f13 .  3 

f l 2 .  0 
t 1 1 . 9  

5.3-4 

L i f t  off. A z  = 7 9 . 5 1 7  d e g r e e s .  L o w  
m o d  i n d e x  
O n e - w a y  a c q u i s i t i o n  
Aided  t r a c k  
R c v r  L in  l o c k  o n e - w a y  (SAA)  
R c v r  1 i n  l o c k  
D e c o m  i n  l o c k  
Auto  t r a c k  S A A I p a r a m p  
A n t  to  S C M  m a s e r  
X m t r  o n  
R c v r  Cut of l o c k  
A n t  t o  a i d e d  t r a c k  
R c v r  in  l o c k  S A A i p a r a m p  
T w o - w a y  l o c k  c o n f i r m e d  
Ant  t o  S C M  m a s e r  
X m t r  l o c k e d  t o  s y n t h e s i z e r  
C m d  m o d  o n  

( 5 1  r e p o r t s  locked  t o  s i d e l o b e )  
Ant  to  a u t o  t r a c k  SAA 
A n t  t o  S C M  
( A p p a r e n t l y  locked  to  s ide lobc)  
Ant  t o  a i d e d  t r a c k  
L o c k  o n  s i d e l o b e  s u s p e c t e d  
Ant  t o  S C M  
C o n f i r m e d  s i d e l o b e  l o c k  

X m t r  off - x f e r  t o  DSS-4.2 

X m t r  off - x f e r  t o  DSS-51 
T w o  -way c o n f i r m e d  
C m d  m o d  on  

B E R  = 9 x Sig  l e v e l  = 140 L 

O m n i  A s e l e c t e d  

X m t r  off - x f e r  to  DSS-61 
C o n f i r m s  t w o - w a y  

X m t r  B t o  h igh  p o w e r  
A = 18. 7 d b  

0 1  
1 
1 
I 
1 
E 
I 
1 
1 
I 
I 
I 
1 
E 
1 
I 
8 
E 
I 



Table 5. 3 - 1  (cont inued)  

G M T ,  
hr:mln: sec  

14:04:31 
14: 05: 4 1 
14: 1O:OL 
14:28: 00  
14: 3 1: 0 3 
14:32: 18 
14: 32: 40 
14: 33: 00 
14: 33: 50 
14: 34: 25  
15:01:30 
15: 30:02  
15:30:05 
15: 3 k 2 8  
15:45: 52 
15:49:00 
16: 00: 00  
1601:00  
1 6  13:OO 
16: 30: 00 
17:OO:OO 
17:OO:OO 
17:OO:OO 
17:22: 1 6  
17: 2 6: 5 0  
17: 30: 00 
17: 30: 00  
17: 30: 00 
18:OO: 00 
18:OO:OO 
18: 00: 00  
18:16:28 
18:30:00 
18: 30: 00 
18: 30: 00 
18:34:28 
19:OO:OO 
19: 00: 00 
19: 00: 00 
19: 30: 00 
19: 30: 00  
19: 30: 00 
20: 00: 00 
20: 00: 00  
20: 00: 00  
20: 16:02 
20: 18: 3 6  
20: 27: 00 
20: 30: 0 7  
20: 43: 2 6 
2 1: 13:58 
2 1: 30: 20 
2 1: 41:06 
2 1:47:56 
2 1: 53: 2 4  
21:56:43 
2 1: 57: 5 0  
22: 0 1: 0 6 
22:05:50 
22: 28: 1 6  
23: 14:40 
23: 40: 3 1  

~ 

Mode 

5 

4 
5 

4 
2 
1 

5 

Bit  
Rate 

A "nn - r1uu 

1100 

137.5 

17 .2  

1100 

D S I F  
Station 

5 1  

61  
5 1  

61  
7 2  

5 1  
61  
7 2  
5 1  
61  
72 

5 1  
61  
7 2  

5 1  
61 
72 
5 1  
61 
72 
5 1  
61 
72 

7 2  
5 1  

1 1  
11 

1 1  

1 4  
11 
11 

DSIF, 
AGC -dbm 

- 132. 7 
- 1 1 3 . 2  

- 116. 4 

- 1 1 1 . 1  

- 129. L 
- 129. 5 

-130  0 
-130 .  1 
- 129.  3 
-130 .  1 
- 1 3 0 . 7  
- 130.  8 
- 1 3 0 . 2  
- 1 4 3 . 0  

-131 .  3 
- 1 3 1 . 2  
- 1 4 3 . 5  
- 132. 2 
- 130. 7 
- 1 4 4 . 0  

- 1 3 1 . 9  
- 1 3 1 . 7  
- 1 4 5 . 0  

-132 .  1 
-132 .  2 
- 145.  0 
- 1 3 3 . 0  
- 132.  1 
- 1 4 5 . 0  
- 133. 8 
- 134.  5 
- 1 4 5 . 5  

- 1 4 9 . 0  

- 1 3 9 . 0  

- 1 3 3 . 9  

-123 .  6 
-134 .  6 
- 134.  8 

_ _ ~  
Telemet ry  

M a r  g in :  
d b  

t 9 .  4 
+ 9. 1 

t 8. 6 
+ 8. 5 
t 9. 3 
+ 8. 5 
+ 7. 9 
+ 7. 8 
+ 8. 4 

t 7 .  3 

+ 6. 4 

t 6 . 7  

+ 6. 5 

+ 5 .  6 

+ 4. 8 

t 4. 7 

5 . 3 - 5  

Comments  

Omni  B selected 

S t a r t  roll  f o r  s t a r  m a p  

Xmtr  B low power 
A = 18. 1 d b  

Xmt r  off - t r a n s f e r  to DSS-51  
Two-way confirmed 
Cmd mod on  
S t a r t  gyro  dr i f t  check 

C r u i s e  mode on 

S t a r t  gyro  dr i f t  check 

Cru i se  mode on (sun  2nd Canopus lock) 

Xmt r  off - xfer  to DSS-72  

Two-way 

Cru i se  mode on - end gyro  d r i f t  



Table 5. 3 -  1 (continued) 

Te leme t ry  
Bit DSIF DSIF, Margin ,  

Mode Rate  Station AGC-dbm d b  

4 
2 
1 
5 

None 

1100 
11 - 1 3 9 . 7  

T;MT, 
r :min:sec Comment s  

Gyro  speed s ig  p rocess ing  on 

~ 

23: 41: 45  
23: 45: 46  
23:48:46 
2 3: 53: 55 
23:55: 1 4  
2 3: 5 6: 2 6  
23:58:57 

~~ 

00: 24: 4 3  
00:50:40 
00: 59: 45  
01:02:42 
0 1:05: 5 6  
01:08:00 
01: 15:20 
0 1: 15: 57 
01:23:00 
0 1: 27: 00 
0 1: 32: 57 

0 1: 36: 30 

01:38:06 

0 1:40:00 
0 1: 39: 45 
01:40: 46  
0 1: 45: 02  
0 1: 45: 19 
0 1 : 4 6 3 4  
0 1: 49: 55  
01:55:52 
01: 53: 5 1 

02: 00: 09 
02: 12: 02 
02: 17: 49 
02: LO: 2 3  
02: 24: 33 

02: 30: 35 
02 :  39: 5 1 

02: 45: 22 

02: 53: 2 4  

02: 54:05 
02: 55: 12 
02:55:5 1 
02: 5 6: 5 4  
02: 58: 00 
04: 00: 47 

04: 04: 19 

04: 05: 55 

04: 09: 3 3  

04: 13:44 
0 4  18:OO 
04: 18: 48 
0 4 1 9 : 0 1 . 5  
04: 19:03 
04: 30:OO 
0 4  53: 30 
0 4  5 6  15 

5 

4 
2 
1 

2 
1 

5 
1 

5 
1 

5 

1 

- 

1100 

4400 

1100 

- 

11 
1 4  

11  

11 
42 

11 

11 

11  

11 

42 

- 134. 8 
-126.  9 

- 134. 9 
-116. 6 

- 12 1. 0 
-122 8 

- 1 2 1 . 9  

- 119.  9 

- 122. 0 

-130.  0 

- 122. 2 

-136.  2 

- 1 3 6 . 9  

- 133.  5 

- 1 3 4 . 0  
- 1 3 3 . 9  

+ 3. 8 

+ 3. 7 

5 . 3 - 6  

Xmtr  B high power; A = 18. 3 db  

1 4 3 . 8  second 
t 7 1 . 0  deg ree  S t a r t  roll - midcourse  

Af te r  end of r o l l  
7 1. 4 seconds  

Start yaw -35.  7 d e g r e e s  
After end yaw 

S t a r t  t h rus t  (14.  2 5  seconds)  
Approx t ime  end of t h rus t  

S t a r t  pos t  midcour se  yaw 1'4 

Sun acqu i re  mode  on 
S t a r t  second ve rn ie r  burn  

t 3 5 . 7  degree 

360. 2 seconds  
-180 .  1 d e g r e e s  S t a r t  yaw maneuver  

S t a r t  th i rd  ve rn ie r  bu rn  
360. 2 seconds  

Start yaw maneuver - 180.  1 deg rees  
Sun acqu i re  mode  on 

Xmtr  B low power 

143.  8 seconds  
S t a r t  r o l l  maneuver  - 1, degrees  

C r u i s e  mode on 
S t a r t  roll  maneuver  137. 68. 0 d e g r e e s  seconds  

213. 4 seconds  
S t a r t  yaw maneuver  degrees  

S t a r t  t h rus t  ( 1 2 5  seconds) 
S t a r t  t h rus t  0. 5 second 
S t a r t  t h rus t  0. 5 second 
Two-way 



Table 5. 3 -  1 (continued) 

hr:min:sec 

05:03:00 

05:04: 10  

05: 07: 5 1 
05:08: 00  
05:26: 4 4  
05: 32: 5 2  
05: 39: 00 

05: 44: 0 2  
05: 5 1:00 
06: 05: 5 3 
06: 15:27 
06:29: 12 
06:38:24 
06: 40: 00  
07: 24: 00 
07: 48: 00  
07: 49: 35 
07: 5 1: 2 5  
07: 52: 1 1  
07: 52: 20  
07:54: 30 

07:57:00 

07: 58: 3 1 

08: 24: 0 4  
08:26: 10 
08: 30: 0 4  
08: 33: 5 1  

08: 39: 27 

08: 40: 35 

08: 43: 00 
08: 45: 4 3  
08: 47: 0 1 
09:05:00 
09: O X :  32 
09:2 1: 0 3  
09: 22: 3 1 
09:25:00 
09:55: 12 
09: 5 6: 5 0 
10: 02: 0 4  
10: 05: 48 
10: 11: 17 
10: 30: 00 
10: 33: 27 
10: 35: 0 3  
10: 36: 48 
11: 27: 43  
11: 28: 30 
11:29:31 
11: 30: 3 4  
11: 32: 5 1 
11:39:31 
11: 4 4  2 5  
11: 47: 17 
11: 48: 00 
12:oo:oo 
12:03: 5 8  

Mode 

2 
4 

5 

4 
2 
4 
5 

1 

5 
1 

4 

1 

2 
5 
4 

1 

5 
1 

Eii 
l a t e  

1400 

1100 

550 

DSIF 
talion 

42  

5 1  
5 1  

DSIF, 
A G C  -dbm 

- 1 3 6 . 4  

-136.  6 

- 136. 8 
- 1 3 7 . 1  
- 137. 2 
- 119. 1 

- 1 2 4 . 2  

- 1 2 4 . 0  

- 1 2 4 . 0  
- 119. 3 

- 138. 0 

- 138. 9 

- 138. 9 
- 120. 7 
- 1 1 1 . 9  
- 1 2 3 . 5  

- 118. 5 

- 139. 8 

- 139. 8 

~~ 

Telemet ry  
Mar  g in ,  

db 

5 . 3 - 7  

Comments  

213.  4 seconds  
- 106. 7 deg rees  Sidr i  y d w  ~ i i d i i e u v e i  

Sun acqu i re  mode on 

S t a r t  sun and ro l l  -'::: E ~~~~~~~ 

C r u i s e  mode on 
Locked on  sun and Canopus 

Two-way lock confirmed 
U p  link not locked f r o m  0 4  31: 15 
to  05: 39:OO GMT 

Xmtr  B high power 

129.  0 seconds  
degrees  S t a r t  s u n  and ro l l  + 64, 

End of ro l l  
286. 6 seconds  

S tar t  yaw +143.  3 d e g r e e s  
S t a r t  t h rus t  3 3  05 seconds  

286.  6 seconds  
Start yaw - 143.  3 d e g r e e s  
Sun acqui re  mode on 

S t a r t  sun  ana rol l  - 64, 

After end of roll  

X m t r  B low power 

S t a r t  gyro dr i f t  check 

129.  0 seconds 
degrees  

End gyro  dr i f t  check 

Xmtr  B high power 
Low mod index SCO on 
Alpha sca t  on 
Alpha sca t  off 

3 . 9  kHz AID SCO on 
Xrntr B low power 

S t a r t  gyro  dr i f t  check  

Xmtr  on 
Cmd mod on 



Table 5. 3 -  1 (continued) 

G b l T ,  
r : m i n : s e c  

1 2 : 0 3 : 3 5  
1 L : L  1:00 
12: 30: 00 
12: 54: 54 
12359354 
13:00:00 
13:00:00 
13: 15:L9 
13:17:57 
13: 30: on 
13:  30: 00 
1 3: 5 3: 28 
1 3: 5 6: 5 4 
14:00:00 
14:OO: 00 
14: 02: 17 
14:04: 18 
14:24:00 
14: 30: 00 
14: 30: 00 
15:00:00 
15: 02:  34 
15: 08: 09 
15: 10:41 
15: 11: 37 
15: 30:OO 
15: 30: 00 
16: 00: 00 
16: 04: 27 
16: 17:08 
16: 24: 32 
16: 30:OO 
16:50:02 
16: 54: 00 
17: 00: 00 
17:04:00 
17: 1L:26 
17: 15: 29 
17: 18:08 
17: 30:OO 
17:33:00 
18: 00:00 
18: 00: 36 
18: 11: 17 
18: 16:03 
18: 30: 00 
18: 30: 00 
19: 0 O : O O  
19:OO:OO 
19:09:56 
19: 12: 5 1 
19: 16:22 
19: 30: 00 
19: 30: 00 
20: 0o:oo 
20: 00: 59 
20:05: 30 
20: 09: 5 4  
20: 10:23 
20:20:00 
20: 2 1: 50 
LO: 30:OO 
L0:59:05 
LO: 59: 50 

- 

Aode 

5 
1 

4 
5 

L 
1 

5 

1 

4 
5 
1 

5 
1 

5 
4 
1 

5 
1 

4 
5 
1 

5 

* 

- 
Bit 
:ate 

D S I F  
&at ion  

42 
51 

5 1  
42 

51 
42 

5 1  
42 

61 
5 1  
61 
5 1  

5 1  
61 
5 1  

51 
5 1  
61 
5 1  
61 

5 1  
61 
5 1  

61 

61 
5 1  
61 
5 1  

61 
5 1  
5 1  

61 
5 1  
5 1  
5 1  

5 1  

DSIF,  
AGC - d b m  

- 138. 8 
- 139. 4 
-138.  8 

-138.  8 
-139.  4 

-139.  2 
- 1 3 9 . 7  

-138.  5 
-140. 1 

- 138. 8 
- 1 3 8  7 
-139  1 
- 1 3 8  7 

- 138. 7 
-138.  7 
- 1 3 9 . 0  

-139.  3 

- 139. 0 
-139 .  3 
-139 .  1 

-138.  8 
-139  0 
-139 3 

-138.  9 

- 138. 9 
- 139. 0 
- 138. 9 
-139.  3 

-139.  1 
- 1 3 9 . 5  
- 1 3 9 . 5  

-139.  1 

- 1 3 9 . 5  

-139. 5 

T e l e m e t r y  
M a r g i n ,  

d b  

5 . 3 - 8  

C o m m e n t s  

T e r m i n a t e  g y r o  d r i f t  cheek 
S t a r t  g y r o  d r i f t  c h e c k  - rol l  

T e r m i n a t e  g y r o  d r i f t  ch<,ck 
S t a r t  g y r o  d r i f t  c h e c k  

X m t r  off f o r  x f e r  to  D S S - 6 1  

End g y r o  d r i f t  c h e c k  

S t a r t  g y r o  d r i f t  c h e c k  

End g y r o  d r i f t  c h e c k  
X m t r  o n  
C m d  mod on  

S t a r t  g y r o  d r i f t  c h e c k  



Table 5. 3 -  1 (continued) 

G M T ,  
hr:  min:  s e c  
m 3 O : O O  

2 1 :35 :02 

2 1:52:44 
22:04:24 
22:34:17 
22:34:56 

22: 35: 58  
22: 38: 04  
23:06: 17 
23: 06: 30 
23:07:  17 
23:  12: 18 
23: 13:51 
23: 17: 30 
23: 19: 36 
23:23: 30 
23:24:49 
23: 30: 58 
23: 32: 2 4  
23:36:07 
23:40: 17 
2 3:  44: 05  
2 3: 49: 5 3  
23:50:49 
2 3: 5 1: 42 
23:52: 37 
23: 54: 0 6  
23: 56: 54 

2 1 . 4 ~ ~ 5 ~  

00: 07: 55  
00: 17: 00 
01: 16:07 
01: 22: 05  
0 1: 27: 36 
01: 34: 17 
01: 35: 19 
01:58:33 
0 2 : O Z :  36 
02:06: 52 
02: 2 3: 00  
02: 46: 34 
03: 00: 0 2  
03: 03: 00 
03: 16:20 
03:L3: 36 
03:30: 15 
03: 59: 00  
03:59:00 
04: 33: 0 3  
04: 34: 20  
04: 42: 49 
04: 50: 00 
04: 5 1: 52 
04:58: 36  
06:05:46 
06: 13:22 
06:20:58 
06:24: 37 
06: 26: 00 
07: 00: 00 
07: 08: 2 4  
07: 14: 33 

Mode __ 

4 

2 
1 

2 
1 

5 

2 

4 
5 

___ 
1 

5 
4 
2 
1 

5 
4 
1 

5 

4 
2 
1 

5 
4 

2 
1 
5 
4 
2 
1 

5 
4 
- 

Bit  
R a t e  

4400 

550 

DSIF 
Sta t ion  
51 

5 1  

11 
11 

11  

11  
11 

11 
42 

42 
11 

42 

DSIF,  
AGC -dbm 

14k'. U 

- 140.  0 
- 1 3 9  9 

- 1 3 9 . 9  

-140 0 
- 1 2 2 . 0  

- 1 3 1 . 2  

- 1 2 4 . 0  

- 1 3 3 . 4  

- 140. 4 

~ 

T e l e m e t r y  
M a r g i n ,  

d b  C o m m e n t s  

DAY 253 

-140.  5 
- 140.  5 

-140 .  6 

-140 .  1 

-139 .  8 
- 141.0  

- 140.  9 

- 1 4 1 . 0  
- 1 4 1 . 1  

5 . 3 - 9  

X m t r  off f o r  d e r  to DSS- 11 
l e r m i n a t e  g y r o  d r i f t  c h e c k  - 

X m t r  B high power  

C r u i s e  m o d e  on 
S t a r t  r o l l  m a n e u v e r  - 7 6  d e g r e e s  
A f t e r  end of r o l l  
S t a r t  yaw m a n e u v e r  - 100. 6 d e g r e e s  

S t a r t  of t h r u s t  5. 45 s e c o n d s  

S t a r t  of yaw t 1 0 0 .  6 d e g r e e s  

S t a r t  of roll  t 7 6 .  0 d e g r e e s  

X m t r  B low power  

S t a r t  gyro  d r i f t  c h e c k  

X m t r  off for x f e r  to DSS-42 

End gyro  d r i f t  c h e c k  



Table 5. 3 -1  (cont inued)  

DSIF 
ta t ion  

S M T ,  
. :min:sec 

Bi t  
Rate 

7: 17:41 
7:20: 30 
7: 22: 00 
18: 05: 00  
18: 16: 18 
18: 22: 45 
18:28:26 
18: 30: 17 
)9:02: 00 
19: 17: 44 
)9:23: 12  
19: 25: 12 
l9:27: 5 6  
19: 30: 29 
19: 32: 4 6  
19: 40: 00 
10: 00: 00 

10: 16: 5 1 
10:  28: 47 
10: 30: 34 
10: 32: 17 
11: 00: 00 
11: 00: 00 
11: 30:OO 
11: 30: 00 
11:38:22 
11:41:17 
11: 42: 52  
11:44:25 
11:50:45 
11:57:50 
12:oo:oo 
12:oo: 10 
12:OL: 10 
12: 03: 00 
12:05:00 
12: 30: 00 
12:52: 36 
lL: j7:02 
12: 59: 37 
13: (lo:00 
13: 00: 00  
13: 04: 2 3  
13: 05:03 

1 5: 30: 00 
14: 00: 00 

14:05:52 
14: 11: 33 
14: 15:06 
14: 18:53 
14:23:00 
14: 30: 00 
14:50:00 
15: 00: 00 
15:09:55 
15: 14:34 
15: 20: 17 
15: 22: 34 
15:L3:00 
15:24:13 
15:27:08 

10:on:oo 

i4:no:oo 

ode 

2 
1 

5 
4 
2 
1 

5 
4 

2 
1 

5 
4 
2 
1 

5 
4 
2 
1 

5 
4 
2 

1 

5 
4 
2 
1 

5 
4 
2 
1 

- 

137 .5  
550 

42  
5 1  

42  
5 1  
42 
5 1  
42 

42 
42  
5 1  
5 1  
5 1  
5 1  
42  
5 1  

5 1  
42 
5 1  

5 1  
5 1  
42 
5 1  

61 
5 1  
5 1  
5 1  

T e l e m e t r y  
DSIF, M a r g i n ,  

AGC-dbm 

- 1 4 1 . 1  
- 1 4 1 . 2  

- 1 4 1 . 2  
- 1 4 1 . 4  

- 1 4 1 . 4  
- 1 4 1 . 4  
- 1 4 1 . 0  

- 141. 5 
- 141.  0 
- 141. 7 
- 140.  9 

- 141. 7 

- 140. 9 

- 140. 9 
- 1 4 1 . 7  
- 140.  9 

- 141. 0 
- 1 4 1  5 

- 1 4 1  0 
-140 .  6 
-140 .  5 

-146.  3 
-140 .  6 
-140.  6 
- 140.  8 

-140 .  5 

C o m m e n t s  

Rc 1 r s  out  of lock 
X m t r  o n  
C o n f i r m s  two-bvay lo< k 
C m d  mod on  

S u n  m o d e  on - g y r o  d r i f t  chcclr 
R o l l  o n l y  

Em! r o l l  gyro  d r i f t  c h e c k  
S t a r t  g y r o  d r i f t  c h e c k  

5. 3-10  



Table  5. 3 -  1 (continued) 

G M T ,  
hr :min:  s e c  

15: 30: 00 
15: ?C:OC 
16: 00: 00 
16: 00: on 
16: 17: 33 
16:23: 33 
16:26:26 
16: 30:OO 
16: 30: 00 
16:30:14 
17: 00: 00 
17: 25: 05  
17: 29: 28 
17: 30:OO 
17: 34: 33 
17: 37: 33 
17:55:00 
17: 55: 00 
17:59:42 
18: 12: 1 6  

18:22:52 

18: 30: 1 4  
18: 32: 09 
18: 34: 00 
18: 37: 07 
18:56:?& 
19: Cd: 00 
19:O 1:Ol 
11:06:00 
19: 30: 00 
19: 3 1: 37 
19: 35: 11  
19: 38:50 
19:41: 5 1 
19: 49: 0 1 
20: 00: 00 
20: 00: 00 
20: 12: 34  
20: 30: 00 
L0:30:00  
20: 39: 5 8  
21:oo:oo 
2 1: 00: 00 
21: 15:59 
2 1: 37: 00 
2 1: 40: 02  
2 1: 48: 32 
2 1: 48: 0 6  
2 1: 50: 00 
21: 5 1: 1 4  
21: 56: 06 
2 1: 59: 08 
22:o 1: 39 
22: 11: 00 
22: 13: 00 
22: 32: 5 6 
22:34:21 

Mode 

5 
4 
2 

1 

5 
4 

2 
1 

5 

4 
2 

1 

5 
4 

2 
1 

4 

1 

5 

4 
2 
1 
5 

4 
2 

B i t  
R a t e  

D S I F  
Sta t ion  

5 1  
6 i  
5 1  
61 
5 1  

5 1  
61 
5 1  
5 1  

5 1  
6 1  

5 1  

61 
5 1  

5 1  

5 1  
61 

5 1  
61 

5 1  
61 

11  
51  
5 1  
11  
1 4  

11  
14 

DSIF,  
AGC -dbm 

- 141. 2 
-142. 1 
- 141. 0 
-141. 7 

- 140. 9 
- 141. 7 

-140.  6 

-140.  6 

-140. 6 
-141. 6 

- 141. 4 

- 141. 4 

-142.  1 
- 141. 7 

-141  6 

-141.  6 
- 142. 7 

- 141. 8 
- 142. 4 

- 141. 8 
-142.  5 

- 150. 0 

-142.  1 
-144.  6 
- 1 3 5 . 5  

- 144. 6 
- 1 3 5 . 9  

T e l e m e t r y  
M a r g i n ,  

d b  

5. 3 - 1 1  

- 

C o m m e n t s  

End g y r o  d r i f t  c h e c k  
S t a r t  t yaw (359.  8 s e c o n d s ,  179. 9 
d e g r e e s )  
S t a r t  t yaw (360.  2 s e c o n d s ,  180. 1 
d e g r e e s )  
C r u i s e  m o d e  o n  

X m t r  off f o r  x f e r  to DSS-11 



Table 5. 3 - 12 (cont inued)  

G M T ,  
hr:min:sec 

22: 36: 2 1 
22: 38: 40 
22: 45: 20 
22:50:55 
22: 5 3: 47 
22:55: 33 
23: 1O:OO 
23: 1O:OO 
23: 42: 22 
2 3: 44: 40 
23: 5 1: 00 
23:5 1:41 
23: 52: 00 
23: 52: 19 
23: 55: 2 4  
2 3: 57: 05 
23:59: 13  

00: 04: 2 1 
00: 07: 00 
00: 08:OO 
00: 12: 15 

00: 15: 10 
00:16:21 

00: 20: 45 
00: 2 1: 38 
00: 30: 08 
00: 4 6  45 
00: 48: 40 
00: 48: 57 
00:50:53 
00: 5 1: 50 
00: 52:25 
00:53:09 
01:07:52 
01:07:58 
0 1: 09: 38 
01: 1o:oo 
01: 10:59 
01: 12:41 
01:13:10 
01: 16:50 
01: 19: 17 
01: 19:50 
01: 19:50 
0 1: 20: 5 8  
01:21:10 
01: 2 4 2 0  
01:26  22 
0 1 : 2 6 3 0  
02: 37: 20 

Mode 

1 
5 

None 
5 

6 
4 

2 
1 
5 

6 

5 
2 

5 

Bit  
Rate  

None 
550 

1100 

137.5 

1100 

D S I F  
Station 

1 1  

11 

1 1  
1 4  

1 1  

11  
1 1  

1 1  
1 4  

1 1  

11  
11  

11 

11  

11  

11  

11  
1 4  

11  
1 4  

11  

11  
11  

Te leme t ry  
D S I F ,  1 Madrbgin, 

AGC -dbm 

- 144. 5 

- 144. 5 

- 144. 5 
- 136. 0 

-144.  7 

- 125. 4 
-124.  5 

DAY 254 

-124. 6 
-117. 1 

-125.  2 

-124.  7 
- 127. 7 

- 1 3 1 . 4  

-128.  1 

- 1 3 3 . 0  

-157. 0 

-151.  6 
-144.  0 

-132. 8 
-124.  9 

-128.  2 
-127. 4 

-122.  6 
-122.  1 

5 . 3 - 1 2  

Comment s  

9 x BER 
Gyro  speed check  

Xpndr power off 
Xpndr B power on 

Xmtr  B high power 
A = 19.  3 db 

Xpndr power off 

S t a r t  p re t e rmina l  roll  
(t ro l l ;  147. 8 seconds ;  73.  9 deg rees )  

S t a r t  t yaw (239 seconds ,  119. 5 
deg rees )  

T D  s t r a in  gage SCOs on  

Touchdown 

TD s t r a in  gage SCOs off 

X m t r  B low power 

DSS - 11 r e c  out of lock 
DSS-11 r e c  in lock  

X m t r  A high power 

Se lec t  omni  A 



TABLE 5 . 3  -2. SPACECRAFT CONFIGURATION SHEET 

DAY 

0 8  29 0 7  

0 8  3 1 : 2 2  

08  J 7  0 7  

10 24 0 8  

1 0 . 3 3 2 0  

1 1  21  L I  

I I  32  10 

I 2  19 0 2  

13 2 4 . 0 3  

I 3  3 2 . 0 1  

I 4  0 3 : 2 8  

'52 

1 4  0 4 . 3 1  

I 4  I C 1  10 

1 4  3 $  4 9  

1 5  24 04 

15 .32  I 1  

16 17 10 

16 40 :07  

20 2 , . Io  

2 0 . 3 9 . 2 8  

20 40:15 

21 :24 .-I 7 

21 21, 04 

21 .35  0 1  

0 1  I 5  2 0  

02  55 i l  

04 23.24 

01 : 3 I .  2 2  

04 31 .4n  

ti4 : 4 6 . 4  I 

0 4  4 7  07 

0 4 : 4 7  24 

04:47 3tl 

0 4  4 7 . 5 0  

04 :48 .02  

04 .48  26  

0 4 . 4 8  52 

0 4 . 4 9 . 3 1  

0 4  50 23 

0 5  13 4 9  

05 .15  4 J  

05 .16  14 

Statlor1 t ransfer  

Statlo" t ransfer  

7 A r I-' ' 

L O W  

H i r h  

LOU 

H l p h  

L O U  

H i g h  

LOW 

1 

DAY 251 

Off 

A F C  

5. 3 - 1 3  

DL 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 
- 

355-51 

3 S S - 5 1 - c m d  mod on 

DSS-51-cmd m o d  off 

DSS-42-cmd m o d  on  

DSS-42-cmd m o d  off 

DSS-51-cmd m o d  on 

DSS-51-cmd m o d  off 

DSS-61-cmd m o d  on 

Dur ing  $tar  mapping  ro l l  

DSS-61-cmd mod off 

DSS-51-cmd m o d  on  

C m d  m o d  off 

C m d  mod on 

DSS-51-cmd m o d  off 

DSS-72-cmd m o d  on  

U b S - 7 2 - c m d  m u d  off 

D S S - l l - c m d  m o d  on 

DSS- I I -cmd m o d  off 

D S S - 4 2 - c m d  m o d  on  



Table 5. 3 - 2  (cont inued)  

0 5 : 1 7 . 3 3  

0 5  3D 51, 

0 5  40:05 

0 5  4 2  4 5  

0 7  4 9  35 

on 4 7 . 0 1  

10:33:27 

I I  30 34 

I1 :54:34  

12 03:12  

1 6 ' 4 4 3 4 5  

16 .51:45  

20 1 3 . 4 2  

2 0 . 2 1 . 5 8  

21 .35 :OO 

23 0 6 ' 3 0  

23 :51:42  

0 2  54 0 5  

03 06:24 

07 .43 :08  

08 15 50 

1 1  5 i : l S  

1Z:OZ 16 

I 4 : 2 2  44 

i 4 : z n  4 7  

2 1 : ~ s  i n  

2 1 , 4 0 4  6 

21:43 '34  

2 1 . 4 6 . 0 3  

22 :53:59  

2 2 . 5 5 . 3 3  

2 2 : 5 6 . 3 9  

2 2 . 5 7 . 3 9  

22 :59:32  

2 3 .  28: I 3 

23:30:56 

23  51:48 

00 :04:23  

0 0 : 5 7 : 2 3  

0 1 : 0 9 : 3 0  

0 I :  I7:40 

0 1 : 1 9 . 1 7  

0 I :  26:  22  

M a j o r  S e q u e n ~ e  
Ti t le  

Stallon t rans fer  

Statran trans fer  

Statlo" trans fer  

Statlo" trans ier  

Stallon transfer 

B 

B 

A 

A 

H i g h  

L O W  

H i g h  

L O U  

High 

LOW 

H i g h  

L O W  

LOW 

H I g h  

3mm 
A / B  

2 

A - 

R e c e i v e r  A 

)L/AFC 
~ 

DAY 

n 

DAY 2 54 L 
5 . 3 - 1 4  

R e c e i v e r  B 

0 L / A F C  

DL 

V o t 0 / L  

9/ L 

4FC 

D l  L 

A F C  

. ransponder 
B 

Oif 

VI, 

Off 

DSS- I I - c m d  m o d  vn 

C m d  mod o f f  to reacquire up liivk 

Cmd mod on 

C m d  mod off 

Cmd mod on 



5. 3 .2  ANOMALY DISCUSSION 

The only R F  subsys tem anomaly observed  during the mis s ion  was  a n  
appa ren t  bias of approximately -2 db in  r ece ive r  B per formance .  Other events  
occur red  during the mis s ion  which caused the spacecraf t  R F  subsys tem a n d / o r  
the t racking station per formance  t o  be questioned. 
events  can be found in Reference 1 and w i l l  not be repeated he re .  
c r a f t  R F  subsys tem anomaly existed in  any of these cases .  

Discussions of these 
EO space-  

5. 3.2.  1 Bias  in  Receiver  B Pe r fo rmance  

During Mission E coas t  per iods,  deviations f r o m  the predicted 
rece ived  signal level  curves  were  noted in both the up and down links.  Gyro  
dr i f t  checks pe r fo rmed  during these per iods  account for  omnidirect ional  
antenna gain var ia t ions  that  a r e  not taken into considerat ion when generat ing 
predict ions.  However,  deviations in r ece ive r  B rece ived  signal leve ls ,  above 
those expected due to the gy ro  drifts ,  a s  well a s  deviations f r o m  predict ions 
during maneuvering per iods ,  indicated that a n  approximate  -2 db bias  exis ted 
in e i the r  the per formance  o r  calibration of the r ece ive r .  

Omnidirectional antenna B up l ink gain var ia t ions  during the t r a n s i t  
phase of the mis s ion  a r e  i l lustrated in  F igu re  5. 5-2. 
e a r t h  vec tor  var ia t ion  superimposed on the omnidirect ional  antenna B up l ink 
antenna gain contour map. 
the re la t ive  spacecraf t /ground station att i tude so  that the antenna operated in  
a high-gain region (G 2 -3 db). 
sequence,  the requi red  360-degree spacecraf t  ro l l  resu l ted  in gains  as  low 
a s  -33 db. 
this  maneuver  and indicates  a n  offset of approximately 2 db between the two 
s e t s  of data .  
was  pe r fo rmed  during the mis s ion  which involved a 360-degree yaw that 
resu l ted  i n  omnidirect ional  antenna B gain var ia t ions  of approximately 11 db. 
F igu re  5. 3 - 7  i l l u s t r a t e s  m e a s u r e d  versus  ac tua l  gain values  for  th i s  maneuver  
and  a l s o  indicates  a 2-db offset. 
the coas t  phases  and indicates  the same genera l  bias .  

This  figure shows the 

F o r  the m o s t  pa r t ,  the mis s ion  was  flown with 

However, during the Canopus acquis i t ion 

F igu re  5. 3-6c i l lus t ra tes  measu red  v e r s u s  ac tua l  gain values  for  

Also,  a third midcourse  type maneuver ,  ant i -sunl ine maneuver ,  

Figure 5. 3-5 is  a similar presenta t ion  for  

A deviation f rom the expected per formance  of r e c e i v e r  B i s  not unique 
to Surveyor  V. 
and -5 db in  Mission D (Reference  3 ) .  
behavior could not be considered a n  anomaly s ince the combined effect  of 
gyro  d r i f t  checks  and r e c e i v e r  bias  caused  the s ignal  l eve l  to r e m a i n  at  the 
pred ic ted  negative tolerance leve l  which, due to the na ture  of the negative 
to l e rances  on sys t em p a r a m e t e r s ,  i s  accepted  as  a n  expected s ignal  level.  

A -2 db b ias  was  observed during Mission C (Reference  2 )  
During all th ree  mis s ions ,  this  degraded 

It w a s  pointed out i n  References 2 and 3 that  the b i a s  w a s  a t t r ibu ted  

It was  a l s o  s ta ted that i t  w a s  unlikely that  the bias 
to some  unexplained cal ibrat ion e r r o r  o r  to some  unaccountable inser t ion  lo s s  
pecul ia r  t o  r ece ive r  B. 
seen  in  the data could be at t r ibuted to any uncertainty in  the antenna pa t te rn  
data  due to the consis tency of the measured  data  throughout the wide range of 
sampled  antenna gain values.  However, this  conclusion did not cons ider  the 
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case  where the whole antenna pat tern could contain some fixed bias  a s  a 
resul t  of not considering some los s  factor  when reducing the measured  data 
used to  generate the existing antenna B up link pattern.  This appears  to  be 
the most  likely explanation. 
charac te r i s t ic  of omnidirectional antennas. However, Figure 5. 3-6c shows 
that 125 degrees out of 360 degrees  of the antenna B up link pa t te rn  values 
for 8 = 7 4  degrees  have positive gains, with the maximum gain being a lmos t  
t 4 db. Both Surveyor C and D miss ions  had a value for 8 of approximately 
110 degrees  at Canopus acquisition, and la rge  regions of positive gains were  
not a s  apparent in  those data as  i t  is  f o r  Mission E. 
mission analysis data,  however, does indicate that the antenna pat terns  them-  
selves  contain the bias and not rece iver  B performance. 
analysis  on future missions will contain a 2-db adjustment in  the up link 
antenna B g a i n  values. 

Posit ive gain values over wide a r e a s  a r e  not 

Examination of previous 

Predict ions and 

5 .3 .3  SUMMARY AND CONCLUSIONS 
.4 

Table 5. 3 - 3  contains a summary  of the measurable  performance 

Most subsystem pa rame te r s  a r e  not direct ly  measurable  and those 
pa rame te r s  compared with applicable requirements  and premiss ion  predic  - 
tions. 
that a r e  measurable a r e  difficult to summar ize  due to time variability. 

Received signal level,  for example, i s  a function of t ime and space-  
c raf t  attitude. The summary  for these pa rame te r s  ref lects  wide tolerances,  
with corresponding wide variations in actual performance in cases  when the 
ea r th  vector was in the omnidirectional antenna null. Per formance  and p r e -  
dictions outside the null a r e  much m o r e  closely bounded. More detailed 
information i s  found in the subsections dealing with each mission phase. 

The following conclusions can be drawn as  a resu l t  of the foregoing 
analysis:  

1 )  Close to nominal predicted R F  subsystem performance was 
experienced in both up and down links with the exception of 
receiver B. 

2 )  Receiver B indicated performance was biased by approximately 
-2 db from predicted. Ana lys i s  of mission data shows that this 
bias and s imi la r  biases  on previous spacecraf t  a r e  a resu l t  of a n  
apparent offset in the measured  antenna pat tern data. 

3)  RF subsystem premiss ion  predictions and real- t ime analysis  
techniques used during Mission E were  relatively accura te  with 
the exception of those associated with the descent and touchdown 
phases. The actual  performance during descent was wors t -case  
predicted and, at touchdown, exceeded wors t  case.  
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T A B L E  5 .3-3 .  R F  PERFORMANCE PARAMETER SUMMARY 

T r a n s m i t t e r  f requency 
at acquis i t ion 

R e c e i v e r  B frequency 
at a c  qui sit ion 

R e c e i v e r  A s igna l  
levels dur ing  coas t  
pha s e s 'k 

R e c e i v e r  B s ignal  
l e v e l s  during c o a s t  

. phas e s'k 

R e c e i v e r  A s igna l  
levels during star 
m a n e u v e r  

R e c e i v e r  B s igna l  
leve ls  during star 
m a n e u v e r  

R e c e i v e r  A s ignal  
leve ls  during mid-  
c o u r s e  m a n e u v e r s  

R e c e i v e r  B s ignal  
l e v e l s  dur ing  m i d -  
c o u r s e  m a n e u v e r s  

R e c e i v e r  A signal  
leve ls  during 
t e r m i n a l  maneuver  

2294.993699 MHz 

2113.304384 MHz 

T i m e  var iable  
predict ions.  
P r e d i c t s  a r e  
s o m e  nominal 
value *10 db. 

T i m e  var iab le  
predict ions.  
P r e d i c t s  a r e  
s o m e  nominal  
value i 5  db. 

T i m e  var iab le  
predict ions.  
P r e d i c t s  a r e  
s o m e  nominal 
value *10 db. 

T i m e  var iab le  
predict ions.  
P r e d i c t s  a r e  
s o m e  nominal  
value i 8  db. 

T i m e  var iab le  
pred ic t ions .  
See  Table  5.3-9. 

T i m e  var iab le  
pred ic t ions .  
See  Table  5.3-9. 

T i m e  var iab le  
pred ic t ions .  
P r e d i c t s  a r e  
s o m e  nominal 
value * lo  db. 

5. 3-17 

2295 MHz * 23 kHz 

2113.31 MHz 
i 2 1  kHz 

2294.993024 MHz 

2113.306464 MHz 

Level  between . 
t 10 and -4 db of 
nominal  a n d  
2 - 1 0 8  d b m  

Level  between 
$ 0 . 5  and  -4 d b  of 
nominal  and 
;r: -97 .  0 d b m  

Level  between 
t 8  and -6 db of 
expected and 
2-108.  5 d b m  

Level  between 
t 6  and  -6 db of 
expected and 
2 - 1 1 4 . 0  d b m  

See Table  5.3-9. 
Signal l e v e l  
2-102.2 dbm.  

See  Table  5.3-9. 
S igna l  l e v e l  
2-116.4 dbm.  

Level  var ia t ions  
of 22.9 db and  
>-119.7 d b m  
(predic ted  v a r i -  
a t ions of 14.4 db) 



Table 5.3-3 (continued) 

Parameter 

Receiver  B signal 
levels during terminal  
maneuver 

DSS signal levels 
during coas t  
phases* 

DSS signal levels 
during star 
maneuver 

DSS signal levels 
during midcourse 
maneuvers  

DSS signal levels 
during t e rmina l  
maneuver 

DSS signal levels 
during descent 
and touchdown 

Predicted Value 

Time var iable  
predictions.  
Predic t s  a r e  
some  nominal 
value f 4.8 db. 

Time var iable  
predictions. 
Predic t s  a r e  
some nominal 
value i5 db. 

Time var iable  
predictions. 
Predic t s  a r e  
some nominal 
value i 1 0  db. 

Time var iable  
predictions. 
See Table 5.3-9. 

T ime variable 
predictions.  
Predic t s  are 
some nominal 
value i3 .O db. 

Time var iable  
predictions.  
P red ic t s  are 
some nominal 
value *3.0 db. 

Requirement 

>-114 dbm** 

>-157.4 dbm 
( c a r r i e r  power) 
(1 7. 2 b i t s l s e c  
threshold)  

No ne 

>-136.1 dbm 
( c a r r i e r  power 
a t  4400 bits I s e c l  
high power) 

>-130.4 dbm 
( c a r r i e r  power 
at 1100 b i t s / sec /  
high power) 

>-129.8 dbm 
( c a r r i e r  power 
a t  1100 bi ts lsec 
and s t r a in  gages)  

Actual 
P e  rfo rmaric e 

Level variations 
of 10.8 db and 
>-92.6 dbm 
(predicted va ri - 
ations of 10.5 db) 

Level between 
t 3 and -1 db of 
nominal and 
'-145 dbm a t  
550 bits / s e c  

Level between 
t 16 and - 5  db of 
expected and 
2-143.7 dbm 
( c a r r i e r  power 
a t  4400 bits / s ec\ 

See Table 5.3-9. 
Signal level 
2-133.6 dbm 
( c a r r i e r  power 
a t  4400 bits / sec)  

Level variations 
of 3 .8  db and 
2-125.1 dbm 
c a r r i e r  power a t  
1100 b i t s /  s ec  
(predicted va ri- 
ations of 3.7 db) 

Lev e 1 variations 
of 7.4 db and 
2-133.7 dbm 
c a r r i e r  power a t  
1100 b i t s / s e c  
and s t r a in  gages 
on 85-foot 
antenna ( p r e -  
dicted variations 
of 6.5 db) 
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Table  5. 3-3 (continued) 

P r e d i c t e d  Value P a r a m e t e r  
Actual 

Requi rement  P e r f o r m a n c e  

T r a n s m i t t e r  -A high 
power  output 

T r a n s m i t t e r  A low 
power  output 

T r a n s m i t t e r  B high 
power  output 

T r a n s m i t t e r  B low 
power  output 

P h a s e  j i t t e r  152 Hz 
bandwidth ( t h r u s t  
p h a s e )  

C o m m a n d  re jec t  rate 

T e l e m e t r y  bit  
e r r o r  r a t e  

db 4 0 . 8 d b m -  o.4 
+ 0 .0  

t 1.2 db 24.8 dbrn - o , 8  

40.8 d b m  $0.2 - o.9 db 

t 1.2 db 23.3 d b m  - o . 9  

< 2 2  d e g r e e s  

< 1/2000 

< 3 / 1 0 0 0  

> 3 9 . h  d b m  

> 2 0 . 0  d b m  

> 3 9 . 6  d b m  

> 2 0 . 0  d b m  

< 2 2  d e g r e e s  
(3  0 )  

I; 1/2000 a t  s igna l  
leve l  > - 114 d b m  

5 3 / 1000 at input 
SNR 2 1 0  db 

Output between 
40.4 and 40.7 
dbm 

Output between 
20.7 and 22.3 
dbm ( a f t e r  
touchdown) 

Output between 
40.7 and 41.6 
dbm 

Output between 
21.4 and 23.3 
dbm 

< 15 d e g r e e s  
during r e t r o  
e ng i n  e b u r n  

No known 
r e j e c t e d  c o m -  
mands  sen t  a t  
s ignal  l e v e l s  
g r e  at e r than 
-108 d b m  

Minimum BER 
= 3  ~ 1 0 - 3  a t  
input SNR 
= 9 .  8 f 1 . 7  db 

.L -a- 

Gyro d r i f t  checks during c o a s t  phases  c a u s e d  antenna gain var ia t ions  not 
taken into account  in the pred ic ted  signal leve ls .  

T h r e s h o l d  value appl ies  t o  command threshold  and, as such ,  only r e q u i r e s  
one of the two r e c e i v e r s  to  b e  above -114 d b m  at any one t i m e .  

::: ::: 
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T A B L E  5 . 3 - 4 .  U P  LINK P A R A M E T E R S  F R O M  F A T ,  
I 

, STV, AND CDC TESTS 
_ _  

- 
De s c ription Value 

Transmit t ing s y s t e m  (DDS) 

R F  power 

Antenna gain 

SAA 
SC M 

Ci  rcu i t  lo s s 

SAA 
SCM 

Receiving s y s t e m  (Surveyor  V )  

C i r c u i t  10s s 

Receiver  A 
Receiver  B 

Up-link c a r r i e r  t racking loop 

Equivalent no ise  

Bandwidth 

Threshold SNR 

Up-link channel  

Threshold SNR 

S y s t e m  noise 

T e m p e r a t u r e  

Equivalent no ise  

Bandwidth (prede te  ction) 

Data /  s u b c a r r i e r  modulation 
index 

70 .0  d b m  - 0 . 0  

20. 0 f 2 . 0  db 
51 .0  ( t 1 . 0 ,  - 0 . 5 )  db 

-0.  5 f 0 . 0  db 
- 0 . 4  f 0. 1 d b  

-3 .85 f 0. 5 db 
- 3 .  00 f 0. 5 d b  

240 f 24 Hz 

12  db 

9 db 

2700" K 

13430 Hz 

7 . 2  

S u b c a r r i e r / c a r r i e r  modulation 
index 

1 . 6  f 0.  16  
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5. 3 . 4  SUBSYSTEM PERFORMANCE ANALYSIS 

5. 3. 4. 1 Genera l  Discussion 

Before specific phases  a r e  discussed,  a general  t reatment  of the 
miss ion  wiii be undertaken. 
included ir, this  subsection. 

information applicable to  a l l  mission phases  is 

Subsystem P a r a m e t e r s  

Most quantitative es t imates  of performance a r e  based on received 
s ignal  levels  which, in turn,  a r e  determined f rom individual link pa rame te r s .  
T h o s e  p a r a m e t e r s  used i n  the per formance  predictions and the subsystem 
ana lyses  a r e  tabulated in Tables  5. 3 - 4  a n d  5. 3-5. 
data a r e  derived he re ;  p a r a m e t e r s  discussed i n  l a te r  portions can be evalu-  
ated f rom these data. Tables  5. 3-4 and  5. 3 - 5  consist  of measured  data 
taken f rom flight acceptance (FAT) ,  solar  t he rma l  vacuum ( S T V ) ,  a n d  com-  
mand and data handling console (CDC) t e s t s  or  specification values where 
measu remen t s  were  not available. 

Equations using these 

Computations Used 

In this subsection, reference is  made to  received signal levels and 
quantities computed f r o m  these levels.  
and w i l l  not be der ived again: 

The equations used a r e  l is ted below 

1) Spacecraft  t r ansmi t t e r  high power output is 

(dbm) = xmt  r P L 

where  

high = t r ansmi t t e r  power (dbm) = P x m t r  P 

Ptm = t e lemetered  power output (wat ts)  

L = loss  f r o m  t ransmi t te r  to power monitor .  (Value for  t r a n s -  
mi t t e r  B/omnidirectional antenna B % as determined f rom 
STV calibration data. ) 

2) Spacecraf t  t r ansmi t t e r  low power output is 

low P Phigh - P ~ ~ ~ H  t 
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T A B L E  5 . 3 - 5 .  DOWN LINK P A R A M E T E R S  F R O M  F A T ,  
STV, AND CDC T E S T S  

.... 

Description 

Transmit t ing s y s t e m  ( Surveyor  V )  

R F  power 

T r a n s m i t t e r  A 
( low power) 

T r a n s m i t t e r  B 
( low power) 

T r a n s m i t t e r  A 
(high power)  

T r a n s m i t t e r  B 
(high power) 

P l a n a r  a r r a y  gain 

C i r c u i t  10s s 

T r a n s m i t t e r  A 
Omnidirect ional  antenna A. 

T r a n s m i t t e r  B 
Omnidirect ional  antenna A 

T r a n s m i t t e r  A 
Omnidirect ional  antenna B 

T r a n s m i t t e r  B 
Omnidirect ional  antenna B 

P l a n a r  a r r a y  

C a r r i e r  frequency 

Receiving s y s t e m  (DSS) 

Antenna gain 

SAA (acquisit ion a i d  antenna)  
SCM (85-foot antenna)  

Value 

24. 8 ( t l .  2, -0. 8 )  d b m  

23. 3 (t 1. 2, -0. 9 )  d b m  

40 .  8 (to. 0, - 0 . 4 )  d b m  

40. 8 (to. 2, -0. 3 )  d b m  

27. 0 f 0. 5 db 

-2. 45 (f0. 5) db 

-2.54(*0. 5) db 

-2.75(*0. 5)  db 

-3,19(*0. 5) db 

- 2 . 3  (to. 0 ,  - 0 . 2 2 )  db 

2295 MHz 

21 .0  f 1 . 0  db 
53. 0 (t 1 . 0 ,  -0 .  5) db 
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Table  5 .3-5  (continued) 

Descr ipt ion Value 

Effect ive noi s e t e m p e r a t u r e  

M a s e r  

P a r a m e t r i c  ampl i f ie r  (SAA 
antenna)  

All DSS except  Johannesburg 
Johannesburg  

L u n a r  t e m p e r a t u r e  

C a r r i e r  channel  

Equivalent no ise  bandwidth f o r  
m a n e u v e r s  (a t  th reshold)  

Equivalent no ise  bandwidth for 
c o a s t  mode  (at  threshold)  

Threshold  SNR 

Acquisit ion 
Maneuvers  
Coas t  mode 

S u b c a r r i e r  osc i l la tor  

Equivalent p r  e det e c  t ion noise 
bandwidth, Hz f 10 p e r c e n t  

4400 b i t s / s e c  
1100 b i t s / s e c  
5 50 b i t s  / sec 
137. 5 b i t s / s e c  
17.  2 b i t s /  s e c  

S t r a i n  gauge 1 
S t r a i n  gauge 2 
S t r a i n  gauge 3 
R e j e c t  / enable  
G y r o  speed  
Alpha counts 
P ro ton  counts 

-0.  5 * 0 . 0  db 
-0.  18 f 0 . 0 5  db 

55 f 10" K 

270 f 5 0 ° K  
320 f 50°K 

110 f 25" K 

152 Hz 

12 HZ 

9 . 0  db 
14 .0  f 1 . 0  db 
1 1 . 4  db 

5160 
1290 
685 
169 
26. 7 

169 
169 
169 
405 
94 8 
11400 
9 48 



T a b l e  5. 3 - 5  ( con t inued)  

D e s c r i p t i o n  Va lue  

S u b c a r r  ie  r o s c i l l a t o r  c e n t e r  
f r equenc  i e  s,  k H z  

4400 bits / s e c  
1100 b i t s / s e c  
550 b i t s /  s e c  
137. 5 b i t s l s e c  
17 .  2 b i t s / s e c  

S t r a i n  g a u g e  1 
S t r a i n  gauge  2 
S t r a i n  gauge  3 
R e j e c t  / e n a b l e  
G y r o  speed 
Alpha  coun t s  
P r o t o n  c o u n t s  

T h r e s h o l d  s igna l - to  - n o i s e  r a t i o  
for  t e l e m e t r y  d a t a ,  *l. 0 d b  

4400 b i t s / s e c  
1100 bi ts  / s e c  
5 50 bits / s e c  
137. 5 b i t s / s e c  
17. 2 b i t s / s e c  

S t r a i n  gauge  1 
S t r a i n  gauge  2 
S t r a i n  g a u g e  3 
R e j e c t / e n a b l e  
G y r o  speed 
A l p h a  coun t s  
P r o t o n  c o u n t s  

S u b c a r r i e r  o s c i l l a t o r  modula t ion  
i n d i c e s ,  * l o  p e r c e n t  

4400 b i t s / s e c  
1100 b i t s / s e c  
550 b i t s / s e c  ( a c q u i s i t i o n )  
550 b i t s /  s e c  
137. 5 b i t s  / s e c  
17. 2 bits / s e c  
S t r a i n  gauge 1 
S t r a i n  gauge 2 
S t r a i n  gauge 3 
R e j e c t  / e n a b l e  
G y r o  speed 
Alpha  counts  
P r o t o n  c o u n t s  

3 3 . 0  
7. 3 5  
3. 9 0  
0. 96 
0. 56 

0. 96 
1. 3 0  
1. 7 0  
2. 3 
5 . 4  

70. 0 
5. 4 

9. 0 
9. 0 
9. 0 
9. 0 
9. 0 

7. 0 
7. 0 
7. 0 

10. 0 
10. 0 
1 1 . 0  
10. 0 

1. 6 
0 . 9 3 5  
0. 3 
1. 15  
1. 45  
1. 4 5  
0. 6 5  
0. 6 5  
0. 6 5  
0 . 6 5 5  
1 . 6 0 0  
1. 4 0  
0. 6 0  
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e where 

= t ransmi t te r  low power output plow 

= DSS received signal level a t  h igh  power PDSSH 

= DSS received signal level a t  low power PDSSL 

3 )  Spacecraft  omnidirectional antenna gain (up-link) is 

pR G =  R 

where  

GR = received omnidirectional antenna gain (up-link gain) 

PR = received signal level (determined f rom spacecraf t  AGC) 

PT = DSS nominal t ransmit ter  power 

GT = DSS nominal antenna gain 

A = wavelength of up-link signal 

R = slant range a t  time of computation 

L = nominal spacecraft and DSS losses  

(Note: F o r  down-link gain, appropriate down-link pa rame te r s  
a r e  inser ted in a s imilar  equation. ) 

Signal-to-noise ratio (SNR) for any subca r r i e r  i s  4)  

pS lvIPR 

pN KTef fBWsc  
SNR = - 1 
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where 

P =  
S 

pN - 

M =  

- 

- 
pR - 

K =  

Teff - 

BW = 

- 

s c  

signal power in  predetection noise bandwidth 

total  noise power in predetection noise bandwidth 

c a r r i e r  to subca r r i e r  modulation 10s s adjustment constant 
based on subca r r i e r  osci l la tor  modulation index on the 
c a r r i e r  

received c a r r i e r  power reported by the DSS 

Bolt zmann ' s constant 

DSS sys tem tempera ture  reported by the DSS 

subc a r r i e r  equivalent prede t ec tion no i s  e bandwidth 

When using these equations, attention must  be given to the desired 
accuracy of the answer. 
spacecraft  telemetry,  and DSS station r epor t s  a r e  used, computed pa rame te r s  
have potentially la rge  e r r o r s .  Their  validity i s  thus weighed against s imi la r  
tes t  data and/or i s  judged quite subjectively based on past experience. These 
equations a r e  not used so much for their  numerical  resu l t s  a s  for the total  
picture of subsystem performance generated.  
o r  computation e r r o r s  will tend to be uncovered in this  analysis,  but subtle 
e r r o r s  w i l l  not. 

Since severa l  pa rame te r s  not measurable  in  flight, 

Any g r o s s  subsystem problems 

Bit E r r o r  Rate Calculations 

One subsystem parameter  of interest  i s  the te lemet ry  bit e r r o r  ra te  
This  parameter  s e rves  a s  an example of the problems encountered 

BER cannot 

(BER). 
when attempting to  evaluate postmission data. 
than 3 X 10-3 at input signal-to-noise ra t ios  (SNR) of 9 f 1 db. 
be measured in flight, but word e r r o r  r a t e  can. 
22-1/2 hours  G M T ,  DSS-11 began counting par i ty  e r r o r s .  
assumption that a bad par i ty  word represented a single bit e r r o r ,  a BER of 
9 X 10-3 was observed a t  a reported -144. 5 dbm ground station received 
c a r r i e r  power. 

BER i s  required to be l e s s  

On day 253 a t  approximately 
Based on the 

The SNR a t  the t ime of the observed 9 X BER was computed a s  
shown be low: 

DSS AGC/550 b i t s / s ec  = -144. 5 dbm 

System noise tempera ture  = 52. 0 ° K  = 17. 2 db 
(DSS - 11 post - t rack)  

0 1  
I 
I 
I 
i 
I 
I 
I 
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B o l t z m a n n ' s  cons tan t  = -198 .6  d b m / d e g / H z  

Bandwidth = 6 8 5  Hz f 10 pe rcen t  = 28. 4 ( t o .  4 1 ,  -0. .46) d b  

Noise  power  = -153. 0 (to. 41, -0. 4 6 )  dbm 

Modulation lo s s 

C a r r i e r  - 3 .  15  (+0 .65 ,  -0. 75 )  db  
S u b c a r r i e r  -3. 27 (+O. 51, -0. 6 3 )  db  

A modulat ion loss = -0. 12 ( t l .  26, -1. 28)  d b  

S u b c a r r i e r  power  = -144. 38 (+l .  26, -1. 28)  d b m  

SNR = s u b c a r r i e r  power  - n o i s e  power  = 8 .62  ( t l .  72, -1 .69)  db  

T h e  t o l e r a n c e  in t h i s  computat ion i s  only a p p r o x i m a t e  and m a y  be 
g r e a t e r .  Also ,  the  computat ion is based  on a m e a s u r e d  BER of 9 X 
and the  p a r a m e t e r  to be c o m p a r e d  is spec i f ied  at a BER of 3 x 
t h e o r e t i c a l  BER v e r s u s  SNR e x p r e s s i o n  ind ica t e s  t ha t  a devia t ion  of -1. 15 d b  
f r o m  the  p rede tec t ion  SNR a t  a BER of 3 X 
9 X 
of 3 x 
the  m i n i m u m  spec i f ica t ion  of the r equ i r ed  SNR of 9 f 1. 0 db. 

The 

wi l l  p roduce  a BER of 
Applying t h i s  t o  the  r e s u l t s  computed above  p r e d i c t s  tha t  a BER 
o c c u r r e d  at a SNR = 9. 77 ( t l .  72, -1 .69)  d b  and t h e r e f o r e  m e e t s  

Omnid i r ec t iona l  Antenna Gain M a p s  

In o r d e r  to  be t t e r  v i sua l i ze  and i n t e r p r e t  the  s ign i f icance  of the  s i g n a l  
l e v e l  d a t a ,  t r a c e s  of the  e a r t h  vec tor  on the  omnid i r ec t iona l  an tenna  gain 
con tour  m a p s  a r e  p re sen ted .  
and down l inks.  S ince  s igna l  l eve l  v a r i a t i o n s  a r e ,  for the  m o s t  part, t he  
r e s u l t  of i n c r e a s i n g  r a n g e  (i. e . ,  m o r e  space  l o s s )  and changing o m n i d i r e c -  
t iona l  gain,  t h e s e  p lo t s  a l low v isua l iza t ion  of the  expec ted  s igna l  l e v e l  changes  
f o r  c o m p a r i s o n  with p lo t s  of up l ink and  down l ink s i g n a l  l e v e l s  v e r s u s  t ime .  

F i g u r e s  5. 3 -2  and 5. 3 - 3  show the  an tenna  up  

5. 3 .4 .  2 Miss ion  P h a s e  One:  P r e l a u n c h  t o  S p a c e c r a f t  Acuuis i t ion  

S u b s y s t e m  p e r f o r m a n c e  is a s s e s s e d  du r ing  the  launch  pad s y s t e m s  r e a d i -  
n e s s  test and p re l aunch  countdowntes t .  
f o r m a n c e  p r i o r  to launch ,  t h e  m o s t  i m p o r t a n t  s u b s y s t e m  d a t a  t aken  du r ing  
t h i s  p h a s e  a re  t r a n s m i t t e r  and r e c e i v e r  f r e q u e n c y  d a t a .  F r e q u e n c y  d a t a  are  
used  to p r e d i c t  t h e  f r e q u e n c i e s  at i n i t i a l  a cqu i s i t i on  and a re  t r a n s m i t t e d  f r o m  
the  C a p e  p r i o r  t o  launch.  T h e  DSS, i n  t u r n ,  u s e s  t h e s e  d a t a  to  tune  t h e  DSS 
r e c e i v e r  f o r  one -way  lock  and the  DSS t r a n s m i t t e r  for  even tua l  two-waylock .  

Next  t o  a s s u r i n g  n o r m a l  s y s t e m  per-  

T h e  m e a s u r e d  t r a n s m i t t e r  and r e c e i v e r  f r e q u e n c y  d a t a  a r e  tabula ted  
C o m p a r t m e n t  t e m p e r a t u r e  du r ing  t h e  countdown pe r iod  w a s  in Tab le  5. 3-6. 

i n c r e a s i n g ,  t h u s  caus ing  the  m e a s u r e d  f r e q u e n c i e s  to  d e c r e a s e ,  as  expec ted .  
The  t e m p e r a t u r e  d i r e c t l y  affect ing the  f r equency  is not  ac tua l ly  m e a s u r e d  
s ince  the  t e l e m e t e r e d  s e n s o r  i s  in the t h e r m a l  t r a y  and not a t  t h e  vol tage  
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controlled c r y s t a l  osci l la tor .  Relative t empera tu re  v e r s u s  frequency infor - 

measured  f requency  da ta  w e r e  consistent with previous Surveyor  V t e s t  data. 
mation i s  t h u s  considered io  3 e  ii-iost reiiable. Duasec! ~ i i  th i s  j u d g ~ e ~ t ,  the 

Acquisition f requencies  are  determined by extrapolating the measured  
vaiues  by essenriaiiy prediciirig ilie coiiipai-iii-,eiit &- - - - - - -+ . - - -  L c i i i p c I  a L u i  c .---e= L - a b  c.n due  
to  the high power operation f r o m  just p r i o r  to  Centaur/Surveyor  separation 
to  the t ime  of init ial  spacecraf t  acquisition. 
biased by -1 kHz as determined from data  obtained f r o m  Reference 4 and 
assuming l o m i n u t e s  of high power operation f r o m  injection to  init ial  DSS-51 
a c qui s i t  ion. 

The measu red  f requencies  were  

The  actual  f requencies  at  initial DSS -51 acquisit ion were :  

T ransmi t t e r  (one-way) = 2294. 993024 MHz 

Receiver  (two-way) = 2113. 306464 MHz 

The difference between predicted and actual was :  

T r a n s m i t t e r  = 675 Hz 

Receive r = 2080 Hz 

Table  5. 3 - 7  is a s u m m a r y  of the significant events  during init ial  R F  
acquisit ion a t  DSS -51 (Johannesburg).  
45 seconds before the predicted f i r s t  visibil i ty,  and good two-way lock was 
accomplished 5 minutes  and 46 seconds la te r .  T e l e m e t r y  data  indicated a 
signal in the passband of r ece ive r  B at DSS t r a n s m i t t e r  turn-on. However, 
two-way lock was  delayed due to a pointing problem associated with the 
ground station antenna sys tem (Reference 1). 
levels  for both r e c e i v e r s  A and B were g r e a t e r  than -80 dbm during the initial 
acquisit ion phase. 

One -way acquisit ion was accomplished 

The spacecraf t  received signal 

With the  exception of the ground station antenna pointing problem, the 
ini t ia l  spacecraf t  acquisit ion was nominal. 
mi t t e r  was  turned off 20 minutes  and 44 seconds a f te r  being commanded to 
high power by the Centaur.  
turnoff i s  1 hour. 

The spacecraf t  high power t r a n s  - 

The maximum allowable t ime  to  accomplish 

5. 3 .  4. 3 Mission Phase  Two: Coast 

The  coast  phases  cons is t  of the following: 

1 )  Pre -Canopus acquisition - Per iod  f r o m  ini t ia l  spacecraf t  
acquisit ion until Canopus acquisition. During this  t ime,  the 
spacecraf t  att i tude i s  uncertain in ro l l ,  and the spacecraf t  - Z  
axis  i s  pointed towardthe sun. 

2 )  P remidcour  se - Period f r o m  Canopus acquisit ion until  mid - 
c o u r s e  maneuvers .  
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Events 

T r a n s m i t t e r  B high 
power on 

DSS-72 r epor t s  
one -way acquisit ion 

DSS-51 acqui res  
spacec  raft one-way 
on SAA (acquisit ion 
a id  antenna)  

DSS-51 auto t r ack -  
ing on SAA/paramp 

DSS-51 switch f r o m  
SAA t o  SCM/Mase r  
(85-foot antenna) 

DSS-51 t r ansmi t t e r  
turn-on 

Signal in  passband 
of spacecraf t  
r ece ive r  B 

Signal in passband 
of spacecraf t  
r e c e i v e r  A 

Phase lock 
r e c e i v e r  B 

GMT (Day 251), 
h r :min:  s e c  

08: 16:16 

0 8:ZO:OO 

0 8: 24: 25 

0 8: 25:4 3 

08:26:40 

08:27:45 

0 8: 28:03 

0 8: 28:34 

08:28:43 

5. 3 - 3 0  

Comment s  

Spacecraf t  commanded to 
high power by Centaur .  

Not the ini t ia l  acquis i t ion 
s ta t ion.  Pass ended at 
08:32:00 GMT. 

( F r o m  t e l e m e t r y  - first 
good l ine of TTY data  s ince  
08: 25: 19 GMT. ) Rece ive r  
B not phase  locked. 

( F r o m  t e l eme t ry )  in AFC 
cap tu re .  

DSS r e c e i v e r  dropped phase 
lock, indicating phase  lock 
on r e c e i v e r  B.  



r p - 7  1 
I d u i e  5. 3- 7 (continued) 

Events  

DSS-51 antenna to 
a ided  t r a c k  

DSS-51 r e c e i v e r  in  
lock  on SAA/paramp 

Rece ive r  B phase  
lock ver i f ied by 
t e l e m e t r y  

DSS-51 antenna to 
SCM m a s e r  

DSS-51 r e p o r t s  good 
two-way data  

DSS-51 command 
modulation on 

T r a n s m i t t e r  B high 
power off 

DSS-51 suspec t s  
lock  to antenna 
s idelobe 

DSS-51 conf i rms  
s idelobe lock. 
Good data  r e s t o r e d .  

GMT (Day 251), 
h r  : min: s e c  

08:28:44 

0 8: 28: 53 

08:29:07 

0 8: 29: 50 

08:30:11 

08:3 1:20 

0 8:3 7:OO 

0 8: 3 9: 34 

08:41:00 

5. 3-31 

Comments  

F i r s t  good l ine of TTY data 
s ince  08:28:36 GMT. 

Good two -way acquisit ion 
33 minutes  and 10 seconds 
a f t e r  launch. 

Spacecraf t  w a s  in high 
power f o r  20 minutes  and 
44 seconds f o r  ini t ia l  
acquis i t ion phase  (a maxi- 
m u m  time of 1 hour  i s  
allowed).  

Signal l eve l  low ( -  122 dbm)  
and demodulator  glitching . 

Signal leve l  r e s t o r e d  
(-110 dbm) DSS-51 back  on 
main  lobe. 



I 
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3 )  P o s t m i d c o u r s e  - P e r i o d  f r o m  comple t ion  of m i d c o u r s e  
II ianeuvers  until  t e r m i n a l  m a n e u v e r s .  

F i g u r e s  5. 3 -4  and 5. 3-5 a r e  p lo ts  of DSS, r e c e i v e r  A, and r e c e i v e r  B 
s igna l  l e v e l s  f r o m  launch t o  touchdown. 
l e v e l  a f t e r  Canopus  acquis i t ion  is shown i n  e a c h  f i g u r e ,  S ince  the s p a c e c r a f t  
a t t i t ude  in r o l l  is  unce r t a in  t o  *60 d e g r e e s  about  a n  e s t i m a t e d  r e f e r e n c e  point  
pr ior  t o  Canopus  acquis i t ion ,  no p r e m i s s i o n  p r e d i c t i o n s  a r e  m a d e  f o r  t h i s  
per iod .  

The  p r e m i s s i o n  p red ic t ed  s igna l  

Both up and down l ink  s igna l  l eve l  r e a d i n g s  p r i o r  to Canopus  a c q u i s i -  
t ion  ind ica ted  tha t  omnid i r ec t iona l  antenna A w a s  ope ra t ing  in  a m o r e  f a v o r a -  
ble pos i t ion  r e l a t i v e  t o  the ground t r ack ing  s ta t ion  than  omnid i r ec t iona l  
an tenna  B. 
l e v e l  wi th  the  s p a c e c r a f t  t r ansmi t t i ng  on omnid i r ec t iona l  an tenna  B had 
r e a c h e d  the  nomina l  1100 b i t s / s e c  threshold  va lue  ( 3  X BER).  O m n i -  
d i r e c t i o n a l  an tenna  A was  se l ec t ed  for  s p a c e c r a f t  d a t a  t r a n s m i s s i o n  in  o r d e r  
to  i m p r o v e  the qual i ty  of the  P C M  data. A 17-db  i n c r e a s e  in the  s igna l  l e v e l  
w a s  noted with the r e s u l t i n g  -125. 0 dbm rece ived  c a r r i e r  power  provid ing  a 
13. 6 - d b  nomina l  t e l e m e t r y  m a r g i n  for  the  1100 b i t s / s e c  data .  
c r a f t  t r a n s m i t t e d  on  omnid i r ec t iona l  an tenna  A f o r  t he  r e m a i n d e r  of the  p r e -  
Canopus  m i s s i o n  phase.  

Approx ima te ly  4 h o u r s  a f t e r  launch,  the  ground r ece ived  s igna l  

T h e  s p a c e -  

R e f e r r i n g  to  F i g u r e s  5. 3 -3  and 5. 3-4,  which show t r a c e s  of the  e a r t h  
v e c t d r  r e l a t i v e  to omnid i r ec t iona l  antenna B down l ink  and o m n i d i r e c t i o n a l  
an tennas  A and B u p  l ink gain con tour s ,  i t  can  be noted tha t  changes  i n  s igna l  
l e v e l s  d u r i n g  the  p r e - C a n o p u s  acquis i t ion phase  and r igh t  a t  Canopus  a c q u i -  
s i t ion a r e  in comple t e  a g r e e m e n t  with the a n t e n n a  ga in  contour  m a p s .  
a p p r o x i m a t e  an tenna  ga ins  du r ing  the p r e - C a n o p u s  p h a s e  are noted in  
Tab le  5. 3-8. 

T h e  

F i g u r e s  5. 3 - 5  and 5. 3-6 indicate  tha t ,  d u r i n g  the  p r e m i d c o u r s e  and 
pos tmidcour  s e  c o a s t  p e r i o d s ,  rece ived  s igna l  l e v e l s  devia ted  from the  p r e -  
dicted v a l u e s  in  both the  up and down l inks .  
d u r i n g  t h e s e  two p e r i o d s  account  fo r  e a r t h  v e c t o r  v a r i a t i o n s  not taken  into 
cons ide ra t ion  when genera t ing  the  pred ic t ions .  
t h e s e  m i n o r  look angle  va r i a t ions  can c a u s e  the  o b s e r v e d  s igna l  l eve l  v a r i -  
a t ions.  
p red ic t ed  s igna l  leve l ,  which a l s o  includes an tenna  gain v a r i a t i o n s ,  bound 
those  v a l u e s  s e e n  in the  m i s s i o n  data. 

G y r o  d r i f t  c h e c k s  p e r f o r m e d  

As pointed out  i n  R e f e r e n c e  2 ,  

However ,  the  d a t a  ind ica te  that  the  t o l e r a n c e s  on  the  nomina l  

On GMT d a y  252, a f t e r  execut ion of t h e  fif th midcour se - type  m a n e u -  
v e r ,  a n  a lpha  s c a t t e r i n g  background count  e x p e r i m e n t  w a s  p e r f o r m e d .  T h e  
s p a c e c r a f t  configurat ion w a s  t r a n s m i t t e r  B, high power ,  omnid i r ec t iona l  
an tenna  B, and 550 b i t s / s e c  low modulat ion index  d a t a  mul t ip l ex  mode. 
Good qual i ty  d a t a  w e r e  obtained dur ing  the  e x p e r i m e n t  with the  DSS-42 
r e c e i v e d  c a r r i e r  power  of -123. 5 dbm, ind ica t ing  nomina l  SNRs of 16. 0 d b  
f o r  t he  P C M  data ,  and 19. 8 and 20.9 d b  f o r  t he  two a lpha  s c a t t e r i n g  channels .  
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T A B L E  5 . 3 - 8 .  PRE-CANOPUS ANTENNA GAIN VARIATIONS 

O m n i d i r e c t i o n a l  
a n t e n n a  A down 
link 

0 mni d i  r e c t i ona 1 
an tenna  B down 
l ink  

O m n i d i r e c t i o n a l  
an tenna  A u p  
l i n k  

O m n i d i  r e c t iona 1 
an tenna  B u p  
l i n k  

( C o a s t ) ,  d b  I Gain , 

P r e d i c t e d  

0 . 0  
s t e a d y  

- 1 . 0  to  
- 2 0 . 0  

- 1 . 0  to 
- 4 . 0  

-2 .0  to 
- 2 0 . 0  

I Actua l  P r e d i c t e d  

-0 .6  
s t e a d y  

-9. 8 t o  
- 1 7 . 3  

t 0 . 2 t o  
- 1 5 . 3  

0 . 0  t o  
- 2 9 . 0  

- 

-19.  2 

- 0 . 2  

-13. 7 

db  

Ac tua l  

- 

-19 .4  

- 1 . 2  

- 1 7 . 0  

Gain at 
Canopus ,  db 

P r e d i c t e d  
~ 

- 

- 1 . 4  

- 1 3 . 6  

$ 2 . 0  

Ac tua l  

- 

$ 0 . 4  

-13 .0  

t o .  9 

A s p e c i a l  in-f l ight  p lus  yaw maneuver  ca l ib ra t ion  t e s t  w a s  p e r f o r m e d  
a t  a p p r o x i m a t e l y  18:OO GMT of d a y  253. 
m a n e u v e r  ind ica ted  tha t  i t  would not  be n e c e s s a r y  to  a l t e r  the  s p a c e c r a f t  
f r o m  i t s  n o r m a l  c r u i s e  configurat ion.  
DSS-51 f o r  the  du ra t ion  of the  maneuver ,  with the  s p a c e c r a f t  t r a n s m i t t i n g  in  
low power  a t  550 b i t s / s e c  da ta .  
w e r e  7. 8 d b  f o r  r e c e i v e r  A and 4. 9 d b  f o r  r e c e i v e r  B. 

Ana lys i s  of t he  r e q u i r e d  360-degree  

Two-way  lock w a s  main ta ined  at 

Spacec ra f t  r ece ived  s igna l  l eve l  v a r i a t i o n s  

At a p p r o x i m a t e l y  L t 2 5 - 1 / 2  hour s ,  the  s p a c e c r a f t  d a t a  r a t e  w a s  
r e d u c e d  to  550 b i t s / s e c .  
a t  DSS-42 had been running approx ima te ly  -138. 9 d b m  with a nomina l  t e l e m e -  
t r y  m a r g i n  of -0. 3 db. E x c e s s i v e  e r r o r s  in  the  d a t a  w e r e  not no ted ;  however ,  
t he  ground s y s t e m  w a s  expe r i enc ing  s o m e  d a t a  p r o c e s s i n g  diff icul t ies .  
550 b i t s / s e c  d a t a  r a t e  cont inued t o  be t h e  n o r m a l  d a t a  mode  fo r  t he  r e m a i n d e r  
of the  c o a s t  phase .  
DSS-11 j u s t  p r i o r  to  ini t ia t ion of the  t e r m i n a l  sequence .  
t h i s  t i m e  w a s  -144. 5 dbm,  which r e s u l t s  in a -0. 8 d b  nomina l  m a r g i n  a t  
550 b i t s / s e c  d a t a  based  on a 3 x 

At 1100 b i t s / s e c  d a t a ,  the  r e c e i v e d  carrier power  

The  

A m a x i m u m  bit e r r o r  r a t e  of 9 x w a s  r e p o r t e d  f r o m  
T h e  s igna l  l e v e l  a t  

b i t  e r r o r  r a t e .  

5. 3. 4. 4 Miss ion  P h a s e  T h r e e :  Canopus  Acquis i t ion  Maneuver  

At a p p r o x i m a t e l y  L t 6  h o u r s ,  t he  s t a r  acquis i t ion  m a n e u v e r  w a s  
ini t ia ted.  
adequa te ly  ident i fy  Canopus.  
t o  f ina l ly  a c q u i r e  the  s t a r .  

One r o l l  about  the  Z - a x i s  w a s  r e q u i r e d  t o  m a k e  a star map and 
An addi t ional  179 d e g r e e s  of ro l l  w e r e  r e q u i r e d  

5 .3 -39  
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R e a l - t i m e  a n a l y s i s  indicated tha t  the  r o l l  m a n e u v e r  would t a k e  the  
e a r t h  v e c t o r  th rough deep  an tenna  nul ls  on both the  up and down l inks  of both 
o m n i d i r e c t i o n a l  an tennas  A and B. However ,  p red ic t ed  s igna l  l eve l  v a l u e s  
d u r i n g  the  m a n e u v e r ,  even  cons ider ing  w o r s t - c a s e  t o l e r a n c e s ,  would not  
exceed  the  two-way t r a c k i n g  threshold .  The  t r a n s p o n d e r  mode  w a s  t h e r e -  
f o r e  r e c o m m e n d e d  f o r  the  acquis i t ion sequence .  
t ha t  no  s igni f icant  s t a r s  ex i s t ed  in the v ic in i ty  of poss ib l e  da t a  ou tages  with 
the s p a c e c r a f t  t r a n s m i t t i n g  v i a  omnid i r ec t iona l  an tenna  B a t  a d a t a  r a t e  of 
4400 b i t s / s e c .  

Also, the  a n a l y s i s  ind ica ted  

At 14:03:28 GMT, t r a n s m i t t e r  B w a s  commanded  t o  high power  with 
the  ground r ece ived  s igna l  indicat ing a n  i n c r e a s e  of 18. 7 db. 
an tenna  B w a s  se l ec t ed  a t  14:04:31 GMT, and s t a r  mapping w a s  in i t ia ted  a t  
14: 10:02 GMT f r o m  DSS-61 with t h e  s p a c e c r a f t  ope ra t ing  in the  t r a n s p o n d e r  
B m o d e  and t r a n s m i t t i n g  d a t a  a t  4400 b i t s / s e c  in mode  1. The  360-degree  
r o l l  p roduced  down l ink s igna l  va r i a t ions  of approx ima te ly  33 db, which 
a g r e e d  with the  p r e m a n e u v e r  pred ic t ions .  
p red ic t ed  r eg ion ;  however ,  down link c a r r i e r  l ock  w a s  main ta ined  throughout  
the mapping maneuver .  
m a n e u v e r  ind ica ted  devia t ions  of approx ima te ly  30 d b  on r e c e i v e r  A and 33 d b  
on  r e c e i v e r  B. T h i s  again a g r e e d  with p r e m a n e u v e r  p red ic t ions .  P h a s e  lock  
on r e c e i v e r  B w a s  main ta ined  throughout  the  m a n e u v e r ,  and Canopus  lock-on 
w a s  accompl i shed  a t  14:27: 52 GMT. 

Omnid i r ec t iona l  

D a t a  ou tages  o c c u r r e d  within the  

S p a c e c r a f t  rece ived  s igna l  l eve l s  du r ing  the  r o l l  

T r a n s m i t t e r  B high power  was  commanded  off a t  14:33:41 GMT, 

DSS -61 r ece ived  s igna l  l e v e l  f o r  low power  ope ra t ion  w a s  
which r e s u l t e d  in  3 0  m i n u t e s  and 1 3  seconds  of high power  ope ra t ion  for  s t a r  
acquis i t ion .  
-129. 2 db, with a r e s u l t i n g  t 9 .  4 d b  nominal  t e l e m e t r y  m a r g i n  f o r  1100 b i t s /  
s e c  data .  

T h e  s p a c e c r a f t  w a s  179 d e g r e e s  in  a pos i t ive  r o l l  s e n s e  f r o m  Canopus  
p r i o r  t o  the  in i t ia t ion  of the  Canopus  acquisition/verification sequence .  With 
t h i s  i n fo rma t ion  and the  an tenna  contour  p a t t e r n s ,  the  v a r i a t i o n s  in an tenna  
gain s e e n  in the  da t a  a r e  c o m p a r e d  to p r e d i c t e d  v a r i a t i o n s  and a r e  i l l u s t r a t e d  
in  F i g u r e  5. 3-6 which c o m p a r e s  omnid i r ec t iona l  an tenna  B down link, o m n i -  
d i r e c t i o n a l  an tenna  A up  l ink,  and omnid i r ec t iona l  an tenna  B up  l ink,  r e s p e c -  
t ively.  
a g r e e  we l l  wi th  an tenna  gain var ia t ions .  
in p r e v i o u s  m i s s i o n s ,  i t  w a s  du r ing  th i s  m a n e u v e r  tha t  the  f i rs t  ev idence  of 
a poss ib l e  b i a s  in  r e c e i v e r  B p e r f o r m a n c e  w a s  noted. 

Both omnid i r ec t iona l  antenna B u p  and down l ink  s igna l  l eve l  v a r i a t i o n s  
However ,  aga in  a s  h a s  been  t h e  c a s e  

Re la t ive ly  good a g r e e m e n t  e x i s t s  be tween o m n i d i r e c t i o n a l  an tenna  A 
up  l ink gain v a l u e s  and the  a c t u a l  s ignal  l e v e l  v a r i a t i o n s ,  excep t  f o r  t h o s e  
va lues  in the  r eg ion  between the  t X  ax i s  and the  -Y axis. 
va lues  within t h i s  reg ion  l i e  below those  v a l u e s  obtained f r o m  an tenna  p a t t e r n  
data .  
m i s s i o n s  ( R e f e r e n c e s  2 and 3). 

T h e  o b s e r v e d  ga in  

S i m i l a r  unexplained devia t ions  s u c h  as  t h i s  have  been noted on p r e v i o u s  

5 .3 -41  
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TABLE 5.3-9.  SURVEYOR V MIDCOURSE MANEUVER SUMMARY 

niinuni 
o Spacecraft 

b s r r v e d  
A 

4 . 7  

2 1 . 9  

2 5 .  1 

2 2 . 7  

2 0 . 2  

12.7 

19 .2  

15.8 

7. 5 

7 . 0  

13.7 

1 8 . 4  

14. 6 

12.n 

11.8 

14.2 

2 4 . 1  

1 4 . 8  

8 . 5  

- 2 . 4  

Sfar t  
Time At t i tude  

(GMTI,  Rotat ion5  Spacecra  
and day 252 

r n l in  P ~ C  Thrusttng Predxclcc 1 Maryinp.  db 
(Coriiniand) 

R e c e i v e r  B 
Predicted  Observer 

2 3 . 1  2 1 . 8  

2 5 . 9  2 5 . 7  

2 5 . 7  

2 5 . 9  24 7 

.. 28.5 

2n .n  19 .2  

- -  2 2 . 9  

1 1 . 2  1 9 . 2  

2 2 . 9  21. 2  

2 2 . 5  L l . 5  

19 .6  21 .5  

2 2 . 4  - 

19. 6 17. 7  

2 2 . 5  1 7 . 7  

2 1 . 7  2 1 . 5  

13 .2  1 9 . 2  

.. 20.6  

1 3 . 2  1 9 . 7  

2 1 . 7  2 1 . 8  

1 7 . 9  17. 5 

01  3 2  57  Prrthrurt 
Roll I "' 
'71.8 
d e * r r e s  

01  38 06 Prelhrusl 1 1 . 7  

-35 .  6 
d e t r r e s  

01 45 02 T h r u s t  

yaw 

1 4 . 2 5  
rc'undr 1 .. 

01 53 5 1  P o $ l  thrust 1 . 7  

1 3 5 . 6  

02:IZ:02 Thrust .- 

> a *  

i n .  05 
seconds  

~ 

02:24:33  Prethrurt LO. 0 

-180 
d e g r e e s  

yaw 

02:39:51 Thrust 
23. os 
seconds 

Y 'U  -180 
'Ieprrrs 

ro i l  

02 4 5  22 Post f h r u r f  11. 0 

04 on 47  post thrust L, 

- 7 1 . 8  
dep 'ers  

04 05 55 Prrfhrust  2 .  8 
ro l l  
i68. 5 
degrees  

04 09  33 Prethruot I .  n 
yaw 1106.8  
d e y r r e s  

04 I 8  4R Thrust 
13. 1 
seconds 

,a*  
-106 .8  

0.i 58.13 Post-thrurt 1.0 

degrees 

ro l l  
~ 6 8 .  5 

n5 04 L L  Post-thrust 2 . 8  

dea ' res  

07 54 3 0  Prrthrust L .  n 
ro i l  
i 6 4 .  6 
d e g r e e s  

07.58 ;i Prethrurt 4.3 
w 
1 1 4 3 . 2  
d e g r e e s  

08 ,4.04 T h r u i t  
33 .05  
srconds 

on 3 3  51 Post-thrust 1. 3 
Y'W 
- 1 4 3 . 2  
d e g r e e s  

? d l  
-64.6 
d r n r r c s  

2 1  13 51 Prethrurt 8. 0 
roll 

d r y r c e s  

Y L *  

d e g r e e s  

5 .  4 5  
seconds 

Y'W 

d e g r e e s  
2 3  44 0 5  Post-thrust 8 .  0 

roll 
-76 .  0 

nn 4n 3 5  Pos t - thrua t  2. 8 

-76 .  n 
23 19 36 Prrthrvst 10. 0 

- 1 n n . 6  

2 3  30 58  ~ h r u s t  

23 36 0 7  Pusi-thrust i n .  n 
A i o n . 6  

dsg'ecr 

3 . 3  1 1 8 . 2  I 17.5  5 .4  

2 . 4  

2 . 4  

~ 

8. o 

7 . 0  

5. 4 

~ 

5.4 

a. n 

8. n 

5 . 4  

~ 

5.2 

9. 3 

9. 3 

5. 2  

~ 

3. 0 

1 3 . 0  

1 3 . 0  

3. 0 

__ 

__ 
B 

~ 

> O r l Y r  __ 
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5.3.  4. 5 Miss ion  P h a s e  F o u r :  Midcourse  M a n e u v e r s  
- 

T h e  L t  1 7 4 2  h o u r s  s t anda rd  r o l l - y a w  negat ive  U3 m a n e u v e r  w a s  
s e l e c t e d  f r o m  16 poss ib i l i t i e s  a s  the m i d c o u r s e  m a n e u v e r .  
sis p r e d i c t e d  the  following va r i a t ions  in  nomina l  o m n i d i r e c t i o n a l  an tenna  
gain d u r i n g  the  m a n e u v e r :  

R e a l - t i m e  a n a l y -  

1 )  Omnid i r ec t iona l  an tenna  B down l ink:  -1. 8 < G < t1. 0 d b  

2) Omnid i r ec t iona l  an tenna  A up  l ink :  -17. 8 < G <to. 4 d b  

3 )  O m n i d i r e c t i o n a l  an tenna  B up  link: -3. 1 < G < t 2 .  3 d b  

P r e d i c t e d  m a n e u v e r  m a r g i n s  w e r e  15. 8 d b  f o r  4400 b i t s / s e c  t e l e m e t r y ,  
9 . 0  d b  on r e c e i v e r  A, and 26. 5 d b  on r e c e i v e r  B c o m m a n d  l inks.  
( t r a n s p o n d e r )  mode  w a s  r ecommended .  

Two-way 

At 1:15:20 GMT, the  s p a c e c r a f t  w a s  commanded t o  high power ,  and,  
T h e  ground at 1:15:57 G M T ,  the  4400 b i t s / s e c  da t a  r a t e  w a s  se lec ted .  

r e c e i v e d  s i g n a l  i n c r e a s e d  by 18. 3 db  when the  s p a c e c r a f t  w a s  commanded  
f r o m  low power  t o  high power ,  with DSS-11 r e p o r t i n g  a r e c e i v e d  c a r r i e r  
power  of -121. 8 dbm p r i o r  to  maneuver ing .  Maneuver  in i t ia t ion  t i m e s  w e r e  
1:32:57 GMT f o r  the r o l l  and 1:38: i6  GMT f o r  the  yaw. - The  DSS-11 rec-gived 
c a r r i e r  power  a t  the end of the  p r e m i d c o u r s e  m a n e u v e r  w a s  r e a c h i n g  -119. 8 
dbm and had indicated a p p r o x i m a t e l y  a 3. 3 -db  v a r i a t i o n  d u r i n g  the  m a n e u -  
ver s, as p red ic t ed .  
m a t e l y  17. 5 d b  f o r  r e c e i v e r  A and 7 . 1  d b  f o r  r e c e i v e r  B as opposed to  
p red ic t ed  v a r i a t i o n s  of 18. 2 and  5 .4  db for r e c e i v e r  A and B, r e spec t ive ly .  

S p a c e c r a f t  r e c e i v e r  s igna l  l e v e l  v a r i a t i o n s  w e r e  a p p r o x i -  

At 1:45:02 GMT, m i d c o u r s e  t h r u s t  was executed .  DSS-11 r e c e i v e d  
carrier p o w e r  w a s  s t eady  with r e p o r t e d  0 .2 -db  v a r i a t i o n s  d u r i n g  the  t h r u s t -  
ing p e r i o d .  

A f t e r  t e r m i n a t i o n  of th rus t ing ,  a l e a k  in the  he l ium p r e s s u r i z a t i o n  
The  n o r m a l  pos tmidcour  se yaw m a n e u v e r  w a s  p e r  - s y s t e m  w a s  de tec ted .  

f o r m e d ,  followed by nons tanda rd  ope ra t iona l  a t t e m p t s  to  c o r r e c t  the  o b s e r v e d  
anomaly .  
f o r m e d  dur ing  the  nons tanda rd  sequence ,  with t h e  l a s t  of the  m a n e u v e r s  be ing  
comple t ed  a t  a p p r o x i m a t e l y  Lt40 hours .  E a c h  m a n e u v e r  w a s  eva lua ted  p r i o r  
t o  in i t ia t ion ,  and a l l  w e r e  d e t e r m i n e d  t o  not v io la te  any  c o n s t r a i n t  of the  
t e  le  com m unica t  ion s u b s y s t e m  in the  pr opo sed m aneuve  r i n g  configurat ion.  
T a b l e  5. 3-9 con ta ins  a s u m m a r y  of the o b s e r v e d  p e r f o r m a n c e  and p r e d i c t e d  
p e r f o r m a n c e  f o r  a l l  the  m a n e u v e r s .  

A s e r i e s  of f ive subsequent  m i d c o u r s e  - type m a n e u v e r s  w a s ,  p e r  - 

No t e l ecommunica t ion  p r o b l e m s  w e r e  encoun te red  d u r i n g  a n y  of the  
maneuver ing .  All  m a n e u v e r s  w e r e  executed in high power  and 4400 b i t s / s e c  
d a t a  with the  excep t ions  of m i d c o u r  s e  4 and the  pos t  - t h r u s t  r o l l  of m i d c o u r s e  
3 which w e r e  executed  in low power  at 1100 b i t s / s e c .  Two-way t r a n s p o n d e r  
B o p e r a t i o n  w a s  suppor ted  du r ing  a l l  m a n e u v e r s ,  with the  except ion  of the  
p o s t - t h r u s t  yaw and r o l l  of m i d c o u r s e  4: Adequate  two-way t r a c k i n g  m a r g i n  
w a s  ava i l ab le  f o r  t h i s  c a s e ;  however ,  t he  ground t r a c k i n g  s t a t ion ,  DSS -42, 
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did not p h a s e  lock the  s p a c e c r a f t  r e c e i v e r  d u r i n g  the  s ta t ion  t r a n s f e r  which 
took  p lace  a f t e r  the  m i d c o u r s e  4 t h r u s t  and p r i o r  t o  the  p o s t - t h r u s t  yaw 
( R e f e r e n c e  1). M a n e u v e r s  1, 2, 3 ,  and 6 w e r e  ini t ia ted o v e r  DSS-11, and 
m a n e u v e r  5 over  DSS-42. T h e  p r e t h r u s t  r o l l ,  p r e t h r u s t  yaw, and t h r u s t i n g  
of m i d c o u r s e  4 w e r e  executed  o v e r  DSS-11, with t h e  p o s t - t h r u s t  yaw and r o l l  
m a n e u v e r s  being handled by DSS -42. 

T h e  th i rd  m i d c o u r s e  -type m a n e u v e r ,  an t i - sun l ine ,  involved a 360-  
d e g r e e  yaw that caused  the look angle  to  m o v e  th rough  a r a t h e r  wide r a n g e  of 
an tenna  ga in  values .  
than Canopus  r o l l  m a n e u v e r s ,  on a n y  p r e v i o u s  s p a c e c r a f t .  The  v a r i a t i o n s  
in  an tenna  gain s e e n  in  the  d a t a  a r e  c o m p a r e d  to  p red ic t ed  v a r i a t i o n s  and 
a r e  i l l u s t r a t ed  in  F i g u r e  5. 3-7 which c o m p a r e s  da t a  f o r  o m n i d i r e c t i o n a l  
an tenna  B down link, omnid i r ec t iona l  an tenna  A up link, and o m n i d i r e c t i o n a l  
an tenna  B u p  link. 
conclus ions  a s  t h o s e  r e s u l t i n g  f r o m  a similar c o m p a r i s o n  us ing  the  d a t a  
obtained during the  Canopus  r o l l  m a n e u v e r .  

T h i s  had n e v e r  been  the  c a s e  f o r  any  m a n e u v e r ,  o t h e r  

The  d a t a  contained in  t h i s  f i g u r e  p roduce  the  s a m e  g e n e r a l  

5. 3. 4 .6  Miss ion  P h a s e  F i v e :  T e r m i n a l  Maneuver  

T h e  influencing f a c t o r  in the  d e t e r m i n a t i o n  of the  t e r m i n a l  m a n e u v e r  
w a s  the  anomaly  i n  the  he l ium p r e s s u r i z a t i o n  s y s t e m .  
m a n e u v e r  w a s  se l ec t ed  in p r e f e r e n c e  t o  the  o t h e r  computed  m a n e u v e r s  f r o m  
cons ide ra t ions  o t h e r  than  opt imiza t ion  of the  t e l ecommunica t ion  s u b s y s t e m  
and w a s  t h e r e f o r e  the  only m a n e u v e r  eva lua ted  in  r e g a r d  to R F  p e r f o r m a n c e .  
The  r e a l  - t i m e  a n a l y s i s  p red ic t ed  the  following v a r i a t i o n s  in nominal o m n i -  
d i r e c t i o n a l  antenna ga ins  du r ing  the  m a n e u v e r :  

The  ro l l -yaw s t a n d a r d  

1) Omnid i r ec t iona l  an tenna  B down link: -2. 6 < G < t 1. 1 d b  

2 )  Omnid i r ec t iona l  an tenna  A up  l ink:  -16. 5 < G < -2. 1 d b  

3 )  Omnid i r ec t iona l  an tenna  B up l ink:  - 7 . 6  < G < t 2 . 9  d b  

P r e d i c t e d  min imum m a r g i n s  w e r e  5. 6 d b  f o r  1100 b i t s / s e c  t e l e m e t r y ,  and 
2 . 9  d b  on r e c e i v e r  A and 11.8 d b  on r e c e i v e r  B command  l inks.  One-way  
m o d e  w a s  r e c o m m e n d e d  even  though adequa te  m a r g i n s  w e r e  ava i l ab le  for  
t r a n s p o n d e r  opera t ion .  
conf igura t ion  w a s  d e s i r e d  fo r  the  t e r m i n a l  d e s c e n t  s equence  and,  ope ra t iona l ly ,  
i t  w a s  s a f e r  to e s t a b l i s h  t h i s  mode  be fo re  the  t e r m i n a l  m a n e u v e r .  

T h i s  r e c o m m e n d a t i o n  w a s  m a d e  s ince  the one  -way 

T h e  s p a c e c r a f t  w a s  commanded  to  high power  a t  23:51:41 GMT of 
T h e  r e su l t i ng  -124. 5 d b m  s igna l  l e v e l  indicated a n  i n c r e a s e  of d a y  253. 

19. 3 d b  o v e r  low power opera t ion .  
GMT of d a y  254, e s t ab l i sh ing  the  s p a c e c r a f t  f o r  the t e r m i n a l  sequence .  
Maneuver  ini t ia t ion t i m e s  w e r e  00:12:15 GMT and 00:16:21 GMT f o r  t he  r o l l  
and yaw, respec t ive ly .  The  t e r m i n a l  m a n e u v e r s  ended  a t  a p p r o x i m a t e l y  
00:20:20 GMT with t h e  DSS-11 r e c e i v e d  c a r r i e r  power  r e a d i n g  -124. 7 d b m  
and having indicated a p p r o x i m a t e l y  a 3. 8-db v a r i a t i o n  du r ing  the  m a n e u v e r ,  
as c o m p a r e d  to a p red ic t ed  va r i a t ion  of 3 .  7 db. 

T r a n s p o n d e r  B w a s  tu rned  off at 00:04:21 
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Up l ink  s i g n a l  l e v e l  v a r i a t i o n s  o b s e r v e d  in  the  t e l e m e t r y  d a t a ,  a s  
c o m p a r e d  t o  p r e d i c t e d  v a r i a t i o n s ,  a re  s u m m a r i z e d  a s  fo l lows:  

O m n i d i r e c t i o n a l  an tenna  A 

Ga in  V a r i a t i o n s ,  d b  

A c t u a l  P r e d i c t e d  

22. 9 14. 4 

O m n i d i r e c t i o n a l  an tenna  B 10. 8 10. 5 

5. 3. 4. 7 M i s s i o n  P h a s e  S ix :  D e s c e n t  and  Touchdown 

A p r e t e r m i n a l  m a n e u v e r  a n a l y s i s  w a s  p e r f o r m e d  to  eva lua te  the  
a n t i c i p a t e d  d a t a  l i nk  p e r f o r m a n c e  d u r i n g  the d e s c e n t  p h a s e  with the  s t r a i n  
g a u g e s  o n  p r i o r  t o  r e t r o  igni t ion.  
w a s  d e s i r e d  d u e  t o  the  n a t u r e  of t h e  o p e r a t i o n a l  s e q u e n c e  for t h e  s p e c i a l  
d e s c e n t  wh ich  w a s  n e c e s s a r y  a s  a r e s u l t  of t h e  e x i s t i n g  s p a c e c r a f t  anomaly .  
Also,  a s  a r e s u l t  of t h e  S u r v e y o r  4 p o s t m i s s i o n  f a i l u r e  a n a l y s i s ,  i t  w a s  
f e l t  t h a t  touchdown s t r a i n  gauge  d a t a  could p r o v i d e  a b e t t e r  u n d e r s t a n d i n g  of 
the  failure i f  i t  r e c u r r e d  on subsequen t  s p a c e c r a f t  ( R e f e r e n c e  3). 

T h i s  dev ia t ion  f r o m  p r e v i o u s  p r o c e d u r e  

T h e  p r e t e r m i n a l  a n a l y s i s  ind ica ted  t h a t  1100 b i t s / s e c  d a t a  with s t r a i n  
g a u g e s  could  be obta ined  a t  DSS-14 (210-foot  a n t e n n a )  with a BER less than  

1. 3 x could be expec ted  at DSS-11 f o r  t h e  same cond i t ions .  Also,  it 
w a s  d e t e r m i n e d  t h a t  m i n i m u m  m a r g i n s  would be  e n c o u n t e r e d  d u r i n g  r e t r o  
b u r n  a n d  t h e  in i t i a l  p a r t  of the s t e e r i n g  p h a s e .  
down w a s  p r e d i c t e d  not t o  be m a r g i n a l  e v e n  a t  DSS-11. 

3 x 1 0 -  3 u n d e r  w o r s t - c a s e  d e s c e n t  condi t ions .  A w o r s t - c a s e  BER of 

T h e  p e r f o r m a n c e  a t  t o u c h -  

T h e  touchdown s t r a i n  g a u g e s  w e r e  t u r n e d  on  a t  00:21:38 GMT.  
DSS-11 r e c e i v e d  c a r r i e r  power  w a s  -127. 7 d b m  p r i o r  to  r e t r o  ign i t ion ,which  
w a s  in a g r e e m e n t  wi th  the p r e d i c t e d  n o m i n a l  v a l u e  u s e d  f o r  t he  p r e t e r m i n a l  
s t r a i n  g a u g e  f e a s i b i l i t y  ana lys i s .  

T h e  

R e t r o  b u r n  w a s  in i t ia ted  at  a p p r o x i m a t e l y  00:44:53 G M T ,  and  the  
s i g n a l  level a t  DSS-11 r e m a i n e d  s t e a d y  wi th  a p p r o x i m a t e l y  a 0. 9 -db  v a r i a t i o n  
d u r i n g  the  b u r n  pe r iod .  Burnou t  o c c u r r e d  a t  a p p r o x i m a t e l y  00:45:33 GMT,  
and  the s p a c e c r a f t  began  t h e  s t e e r i n g  p h a s e  of d e s c e n t .  S i g n a l  level v a r i -  
a t i o n s  d u r i n g  d e s c e n t  fol lowed t h e  w o r s t - c a s e  p r e d i c t e d  v a l u e s ,  i nd ica t ing  
tha t  t h e  e a r t h  v e c t o r  did not  fo l low the expec ted  n o m i n a l  pa th  d u r i n g  t h i s  
phase .  S i g n a l  l e v e l  v a r i a t i o n s  w e r e  7. 7 d b  f o r  r e c e i v e r  A, 3. 9 d b  f o r  
r e c e i v e r  By and 7. 4 d b  a t  the  ground s t a t ion  receiver.  T h e  m i n i m u m  down 
l ink  s i g n a l  l e v e l  a t  DSS-11 w a s  -133. 7 d b m ,  which  r e s u l t e d  in  a -1. 5 d b  
n o m i n a l  m a r g i n  f o r  1100  b i t s / s e c  d a t a  b a s e d  on a 3 x BER.  

F i g u r e  5. 3-8 i l l u s t r a t e s  the r e c e i v e d  c a r r i e r  p o w e r  p r o f i l e  a t  DSS-11 
d u r i n g  t h e  d e s c e n t  phase .  
p a r i t y  e r r o r s  in  the  1100 b i t s / s e c  d a t a  o b s e r v e d  in  e a c h  f rame of d a t a  
ob ta ined  d u r i n g  t h i s  pe r iod .  
is  r e p r e s e n t a t i v e  of t he  n u m b e r  of bit e r r o r s ,  t h e n  the  r a t i o  of t he  p a r i t y  

A l s o  included on t h i s  p lo t  are  t h e  n u m b e r  of 

If o n e  a s s u m e s  t h a t  t h e  n u m b e r  of p a r i t y  e r r o r s  
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e r r o r s  p e r  f rame to  the  n u m b e r  of bits  p e r  f r a m e  is  a m e a s u r e  of the  B E R  in 
the c'ata to s3m.e level nf confidence.  
c o n s i d e r e d  is qui te  s m a l l ,  a high level  of conf idence  cannot  be  a s s igned  t o  
such  a s t a t i s t i ca l ly -de r ived  p a r a m e t e r .  However ,  i f  a l a r g e  n u m b e r  of 
s a m p l e s  w e r e  ava i lab le  under  the  dynamic  condi t ions  that  ex i s t ed  du r ing  the  
UGDLGIIL, - I - . - - , , t  it is n ~ t  c?h~ic? l~s  tha t  a c o m p a r i s o n  of tha t  d a t a  t o  the  t h e o r e t i c a l l y -  
d e r i v e d  da ta ,  which a s s u m e s  a s ta t ic  s igna l  l e v e l  condi t ion,  would be  any  
m o r e  d i r e c t l y  c o m p a r a b l e  than a c o m p a r i s o n  using the  d a t a  contained on t h e  
inc luded  f igu re .  F i g u r e  5. 3 -8  shows tha t ,  in g e n e r a l ,  when the  s igna l  l e v e l  
is above  -132. 2 d b m  (nomina l  th reshold  r ece ived  c a r r i e r  power  for a 3 XlO-3 
BER a s s u m i n g  a 10. 5 d b  SNR) ,  t he  number  of observed  p a r i t y  e r r o r s  is  less 
than  fou r .  
Also ,  f o r  s igna l  l eve l s  l e s s  than -132. 2 dbm,  the  p a r i t y  e r r o r s  exceed  four .  
T h e  l a r g e s t  n u m b e r  of e r ro r s  obse rved  w a s  21, which c o r r e s p o n d s  to  a n  
e r r o r  r a t e  of a p p r o x i m a t e l y  1. 6 X 10-2, with the  m i n i m u m  s igna l  l e v e l  
encoun te red  being -133. 7 dbm.  
c a t e s  t ha t  a -1. 5 d b  deviat ion f r o m  the 3 x 10-3  BER s igna l  va lue  would p r o -  
duce  a BER of 1. 2 5  X 
1.6 x 10-2  m a x i m u m  value.  

Since the  n u m b e r  of m e a s u r e d  samples 

F o u r  e r r o r s  is  a BER of 3 x 1 0 - 3  u n d e r  the  a s s u m e d  conditions.  

The  theo re t i ca l ly -de r ived  B E R  c u r v e  ind i -  

which i s  in  a g r e e m e n t  with the  o b s e r v e d  

P r e t e r m i n a l  a n a l y s i s  pred ic ted  tha t  unde r  w o r s t  - c a s e  d e s c e n t  con-  
d i t i ons ,  a BER of 1. 3 X 10-2 could be expected.  
p e r f o r m a n c e  du r ing  d e s c e n t  w a s  p red ic t ab le  and t h e r e f o r e  expec ted ,  but 
c e r t a i n l y  w a s  w o r s t  c a s e .  
n u m b e r  of p a r i t y  e r r o r s ,  on the  a v e r a g e ,  is the  s a m e  as the  n u m b e r  o b s e r v e d  
du r ing  the  in i t ia l  p a r t  of t h e  d e s c e n t  phase.  I t  is a l s o  noted tha t  the s i g n a l  
l eve l  at touchdown is a p p r o x i m a t e l y  3. 5 d b  lower  than  tha t  w h e r e  the  n u m b e r  
of p a r i t y  e r r o r s  co r re sponds .  No explanat ion is ava i l ab le  f o r  t h i s ;  however ,  
i t  c e r t a i n l y  can  be specula ted  tha t  noise  could be gene ra t ed  a t  the  s p a c e c r a f t  
a s  a r e s u l t  of dynamic  condi t ions that ex i s t ed  du r ing  the  d e s c e n t ,  t h u s  r e s u l t -  
ing in a h ighe r  t h re sho ld  s i g n a l  level  for a given BER condition. 

It c a n  be  concluded tha t  the  

F i g u r e  5. 3 -8  shows tha t  a f t e r  touchdown the  

Touchdown o c c u r r e d  at 00:46:45 GMT. At t h i s  t i m e ,  the  s igna l s  i n  
s p a c e c r a f t  r e c e i v e r s  A and B d e c r e a s e d  5. 5 and 1. 5 db, r e s p e c t i v e l y ,  and 
the  s igna l  l e v e l  a t  DSS-11 d e c r e a s e d  4.6 d b  ( F i g u r e  5. 3-8).  T h e s e  d e c r e a s e s ,  
which exceeded  w o r s t  - c a s e  pred ic t ions ,  ind ica ted  tha t  t he  s p a c e c r a f t  o r i e n  - 
t a t ion  changed ab rup t ly ,  which  could have  r e s u l t e d  f r o m  a sp in  o r  t i l t  a t  
touchdown. It w a s  subsequent ly  de t e rmined  tha t  the  s p a c e c r a f t  had indeed 
landed on a 20 -degree  slope.  
a 5 - d e g r e e  s lope ,  w e r e  used  f o r  pred ic t ing  t h e  w o r s t - c a s e  condition in the  
p r e t e r m i n a l  ana lys i s .  The  ground s ta t ion s igna l  l e v e l  at touchdown w a s  
-131. 5 dbm a t  DSS-11, with a co r re spond ing  to. 7 d b  n o m i n a l  m a r g i n  for 
1100 b i t s / s e c  da t a  ( 3  x 10-3 BER) .  Good P C M  d a t a  and touchdown s t r a i n  
gauge d a t a  w e r e  obtained,  and ground r e c e i v e r  lock  w a s  r e t a ined  th rough  
touchdown. 

Signal l e v e l  d i s p e r s i o n s  a t  touchdown, a s s u m i n g  

5. 3. 4. 8 Miss ion  P h a s e  Seven:  Lunar  

The  data r e l a t i v e  t o  the lunar  phase c o n s i s t  of s e v e r a l  d i s jo in ted  
top ic s .  
lowing t ex t .  
d i s c u s s i o n s  and ana lys i s .  

T o p i c s  applying to the R F  s u b s y s t e m  are s u m m a r i z e d  in  the fol- 
R e f e r e n c e  is m a d e ,  where  applicable, t o  the s o u r c e  of de t a i l ed  
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P o s t  -Touchdown S p a c e c r a f t  A s s e s s m e n t  (Day  254)  

T r a n s m i t t e r  B high vol tage  w a s  commanded  off a t  01:09:30 G M T  a f t e r  

An 18 .6-db  d e c r e a s e  f r o m  high t o  low power  

DSS -1 1 r e c e i v e r  

having been i n  high power  f o r  1 hour ,  17 m i n u t e s , a n d  49 s e c o n d s  d u r i n g  the  
t e r m i n a l  phase of the  mis s ion .  
w a s  o b s e r v e d ,  
launch countdown approx ima te ly  1 / 2  hour  a f t e r  touchdown. 
c a r r i e r  power  w a s  r e p o r t e d  t o  be  -127 .4  d b m  with the s p a c e c r a f t  at 1 1 0 0 b i t s /  
s e c  d a t a  with t r a n s m i t t e r  A in high power  on o m n i d i r e c t i o n a l  an tenna  B. 
Omnid i r ec t iona l  an tenna  A w a s  se l ec t ed  with a r e s u l t i n g  4. 8 -db  i n c r e a s e  in 
the  ground r ece ived  s igna l ,  which aga in  ind ica ted  a s p a c e c r a f t  touchdown 
o r i en ta t ion  o ther  than tha t  planned p r i o r  t o  r e t r o  ignit ion.  

T r a n s m i t t e r  A w a s  tu rned  on f o r  the  f i r s t  t i m e  s ince  the  p r e -  

T V  P e r f o r m a n c e  

T h e  f i r s t  200-line t e l ev i s ion  p i c t u r e  w a s  t r a n s m i t t e d  a p p r o x i m a t e l y  
1 hour  a f t e r  touchdown. Based  on r e p o r t e d  DSS-11 s igna l  l e v e l s ,  the  c o m -  
puted SNR for the f i r s t  p i c t u r e  w a s  15. 3 * 1. 0 db. 

T h e  f i r s t  600 -l ine t e l ev i s ion  p i c t u r e  w a s  t r a n s m i t t e d  a p p r o x i m a t e l y  
5 h o u r s  a f t e r  touchdown, s h o r t l y  a f t e r  the p l a n a r  a r r a y  w a s  roughly  a l igned  
with the  ea r th .  Based  on r e p o r t e d  DSS s igna l  l e v e l s ,  the  computed  SNR f o r  
t he  f i r s t  p ic ture  w a s  15. 1 f 1. 0 db. 

In both c a s e s ,  the SNR w a s  high enough t o  prov ide  good qual i ty  
de t ec t ed  v ideo  d a t a  which  is  a p p a r e n t  in the qual i ty  and r e so lu t ion  of the  
p i c t u r e s .  

Alpha  Sca t t e r ing  P e r f o r m a n c e  

T h e  alpha s c a t t e r i n g  e x p e r i m e n t  w a s  p e r f o r m e d  dur ing  m u c h  of t he  
f i r s t  l una r  day.  
pointed toward  the e a r t h ,  w a s  r e p o r t e d  to  be,  in g e n e r a l ,  -115. 0 dbm 
( s p a c e c r a f t  t r a n s m i t t e r  A).  
s c a t t e r i n g  mul t ip lex  mode  r e s u l t e d  in SNRs  of 20. 0 d b  f o r  t he  1100 b i t s / s e c  
d a t a ,  and 15. 8 and 16. 9 d b  for the  two a lpha  s c a t t e r i n g  channe l s .  Good 
qual i ty  d a t a ,  t h e r e f o r e ,  w e r e  expec ted  and r e c e i v e d  f o r  t h i s  e x p e r i m e n t .  

The  t o t a l  power  a t  the  ground s t a t ion ,  with the p l a n a r  a r r a y  

T h i s  s i g n a l  l e v e l  f o r  the  1100 b i t s / s e c  a lpha  

R F  A s s e s s m e n t  

A s p a c e c r a f t  R F  p e r f o r m a n c e  a s s e s s m e n t  w a s  m a d e  on d a y  264 with 
DSS -42 providing the ground s ta t ion  suppor t .  
e x e r c i s e s  the  subsys t em in all poss ib l e  t r a n s m i t t i n g  and command  r e c e i v i n g  
conf igura t ions .  I t  w a s  c l e a r l y  ev ident  f r o m  t h i s  a s s e s s m e n t  t ha t  all a s p e c t s  
of the  subsys t em w e r e  p e r f o r m i n g  in  a nomina l  m a n n e r .  

T h i s  a s s e s s m e n t  e s s e n t i a l l y  

S t a t i c  F i r i n g  E x p e r i m e n t  

A s t a t i c  f i r i n g  on  S u r v e y o r  V w a s  p e r f o r m e d  on 12 S e p t e m b e r  1967. 

Degrada t ion  f r o m  the  
T h e  ga in  of the  omnid i r ec t iona l  an tenna  A ( u p  l i nk )  w a s  -7. 4 d b  b e f o r e  A / S P P  
pos i t i on ing  f o r  f i r i ng ,  and -8. 4 d b  after posi t ioning.  
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expec ted  an tenna  gain ( - 1  to -6 db )  was a t t r i bu ted  to  an tenna  gain pat tern 
p e r t u r b a t i o n s  caused  by  the  pos i t ion  of t he  solar panel  and p l a n a r  a r r a y .  
Dur ing  the  A / S P P  s tepping ,  3 t o  4 db peak- to -peak  v a r i a t i o n s  in  s p a c e c r a f t  
r e c e i v e d  AGC w e r e  noted. The  s p a c e c r a f t  e a r t h  v e c t o r  w a s  such  tha t  t h e r e  
w a s  no  l ine-of -s ight  i n t e r f e r e n c e  f r o m  the  soiar pane i  and pidnar iii-Tay+ 

S p a c e c r a f t  m o v e m e n t  du r ing  f i r i ng  w a s  indicated by a shif t  in s igna l  
l e v e l  of approx ima te ly  1 d b  for  both t h e  s p a c e c r a f t  r e c e i v e r  AGC and DSIF 
AGC. The  f i r ing  t i m e  w a s  so s h o r t  that  p lume  e f f e c t s  w e r e  ne i the r  expec ted  
no r  obse rved .  

Te lev i s ion  Gain Marg in  Exper imen t  

T h e  t e l ev i s ion  gain m a r g i n  expe r imen t  conducted 20 S e p t e m b e r  1967 
f r o m  DSIF 42 had the  following objec t ives :  

1 )  T o  e s t a b l i s h  the  r e l a t ionsh ip  between 600- l ine  mode  te lev is ion  
p i c t u r e  qua l i ty  and SNR.  

2 )  T o  p e r m i t  a c o m p a r i s o n  between the  qua l i ty  of 600-l ine mode  
t e l ev i s ion  at less than max imum p l a n a r  a r r a y  ga in  and the  
qua l i ty  of 200 -l ine mode  t e l ev i s ion  us ing  an  o m n i d i r e c t i o n a l  
an t  e nna 

3 )  T o  eva lua te  p r e s e n t  SNR funct iona l  r e q u i r e m e n t s  

4) To e s t a b l i s h  the  feas ib i l i ty  of e a r t h  t r a c k i n g  with s ide lobes  o r  
a pos i t ion  on the  mainlobe which p r o d u c e s  l e s s  than  m a x i m u m  
gain 

5 )  To  p rov ide  d a t a  f r o m  which cont ingency p l a n s  could be developed 
f o r  f a i l u r e  of one o r  m o r e  of the A / S P P  d r i v e  m e c h a n i s m s  

6 )  T o  e s t a b l i s h  a b a s i s  for r e a l i s t i c  A / S P P  repos i t ion ing  s c h e d u l e s  

Although r e s u l t s  for the  expe r imen t  a r e n o t  ava i l ab le  a t  t h i s  t i m e ,  i t  
w a s  noted du r ing  the  e x p e r i m e n t ,  by word  of mouth  f r o m  s ta t ion  42, t ha t  
s a t i s f a c t o r y  600- l ine  p i c t u r e s  w e r e  being r ece ived  when the  s igna l  w a s  3 d b  
l e s s  than  the  p red ic t ed  th re sho ld  S N R  of 10. 5 db. 

Spec ia l  T e l e c o m m u n i c a t i o n s  F r e q u e n c y  T e s t  

T h e  p u r p o s e  of  the f r equency  t e s t  is  t o  inves t iga t e  the  t e m p e r a t u r e  
v e r s u s  f r e q u e n c y  c h a r a c t e r i s t i c s  of a t r a n s m i t t e r  and r e c e i v e r  unde r  a c t u a l  
space  e n v i r o n m e n t a l  condi t ions.  The t e s t s  took  p lace  on six d i f f e ren t  o c c a -  
s ions  d u r i n g  the  i n t e r v a l  of d a y  261  to  267 GMT. 
t e s t  on d a y s  261, 262, 263, 265, and 267, and s t a t ion  42 a s s i s t e d  on d a y  265. 

S ta t ion  6 1  a s s i s t e d  in the  

T h e  r e s u l t a n t  d a t a  s e e m s  to be c o n s i s t e n t  with S u r v e y o r  4 d a t a  t aken  
du r ing  r eacqu i s i t i on  and the  t r a n s i t  phase.  
d a t a  is not comple t e  a t  t h i s  t ime.  

However ,  the  a n a l y s i s  of t he  
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F i g u r e  5. 3-9.  Rece iver  A AFC 

F i g u r e  5.3-10. R e c e i v e r  B SPE 
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T e l e m e t r v  Bit  E r r o r  R a t e  Exper imen t  

Dur ing  S u r v e y o r  V l u n a r  ope ra t ions ,  an  e x p e r i m e n t  w a s  p e r f o r m e d  
in wh ich  d a t a  w e r e  t aken  to  e s t ab l i sh  the  BER a s  a funct ion of s u b c a r r i e r  
SNR.  T h e  p u r p o s e  of the  expe r imen t  w a s  1)  t o  g a t h e r  d a t a  t o  be used  f o r  
c o m p a r i s o n  of t he  d i f f e ren t  s t a t ions  r e l a t ive  to  t e l e m e t r y  BER p e r f o r m a n c e ,  
2 )  to  eva lua te  a c t u a l  BER p e r f o r m a n c e  r e l a t i v e  t o  spec i f ied  r e q u i r e m e n t s ,  
and 3 )  t o  eva lua te  p r e s e n t  pred ic t ion  and a n a l y s i s  techniques .  T h i s  e x p e r i -  
m e n t  a l s o  provided  d a t a  on the  e f fec t  of i n t e rmodu la t ion  d i s to r t ion  r e l a t i v e  to 
P C M  p e r f o r m a n c e  f o r  t he  1100 b i t s / s ec / touchdown s t r a i n  gauge mul t ip l ex  
and the  550 b i t s / s ec / touchdown s t r a in  gauge mult iplex.  

D a t a  w e r e  taken a t  DSS-11, -42, and -61 a t  bi t  r a t e s  of 1100 b i t s / s e c ,  
550 b i t s / s e c ,  and with the  touchdown s t r a i n  gauges  mul t ip lexed  with the  
550 P C M  channel .  In addi t ion,  da t a  w e r e  t aken  a t  DSS-42 and -61  with the  
touchdown s t r a i n  gauges  mult iplexed with the  1100 P C M  channel.  
da t a ,  t h e  following w a s  de t e rmined :  

F r o m  the  

P e r f o r m a n c e  of the  s ta t ions  a p p e a r s  to  be equivalent  o r  within 
m e a s u r e m e n t  t o l e r a n c e s  if e s t i m a t e d  b i a s e s  a re  included. (It 
w a s  concluded tha t  the  DSS-61 bandwidths  and the  DSS-11 no i se  
t e m p e r a t u r e  a r e  in  e r r o r , a n d  t h e r e f o r e  b i a s e s  of M -1. 0 d b  
(DSS-61)  and w -1. 5 d b  (DSS-11) w e r e  used  t o  i n t e r p r e t  data .  ) 

T h e  t e l e m e t r y  p e r f o r m a n c e ,  based  on nomina l  m e a s u r e d  d a t a  
with the  e s t i m a t e d  b iases ,  is  within the spec i f ied  r e q u i r e d  
p e r f o r m a n c e  r e l a t i v e  to BER at th re sho ld .  

T h e  only  d i s c r e p a n c y  .between t h e o r y  and  the  ac tua l  r e s u l t s  is  
in the  DSS-42 da ta .  These  d a t a  ind ica te  tha t  the  in t e rmodu la t ion  
d i s to r t ion  degrada t ion  i s  g r e a t e r  f o r  the  1100 b i t s / s e c  P C M /  
touchdown s t r a i n  gauge mul t ip lex  than f o r  the 550 b i t s / s e c  P C M /  
touchdown s t r a i n  gauge mult iplex.  

T h e  DSS -6 1 d a t a  indicate  t h e  following degrada t ion  in p e r f o r m a n c e  
f o r  t he  P C M  channe l s  a t  a BER of 3 X 10-3: 

550 b i t s / s e c  P C M  m 1. 2 d b  

1100 b i t s / s e c  P C M  x 0. 8 d b  

5. 3. 4. 9 Miss ion  D a t a  P l o t s  

S u b s y s t e m  t e l e m e t r y  s igna l s  a r e  shown in F i g u r e s  5. 3-9  and 5. 3-10. 
(A l so  s e e  F i g u r e  5. 3 -5  in the c o a s t  phase  d i s c u s s i o n  for au tomat i c  gain c o n -  
t r o l  s igna l s .  ) All da ta  indicated n o r m a l  s u b s y s t e m  p e r f o r m a n c e ,  and no 
unexplainable  v a r i a t i o n s  w e r e  noted. P l o t s  of r e c e i v e r  B au tomat i c  f re  - 
quency  c o n t r o l  and r e c e i v e r  A s ta t ic  p h a s e  e r r o r  a r e  omi t t ed  s ince ,  f o r  t he  
m o s t  p a r t ,  the  s p a c e c r a f t  configurat ion w a s  such  tha t  t h e s e  d a t a  points  w e r e  
e s s e n t i a l l y  mean ing le s s .  
s ign i f icant  e v e n t s  fol lows:  

A br i e f  s u m m a r y  of e a c h  f i g u r e  and the  more 
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R e c e  iver  A A u t o m a t  i c  F r e q u e n c y  C o n t r o l  ( F i g u r e  5. 3 - 9 )  - R e c e i v e r  A 
w a s  in the  au tomat i c  f r e q u e n c y  c o n t r o l  m o d e  th roughou t  t r a n s i t .  T h e s e  d a t a  
r e p r e s e n t  t h e  D S S  t r a n s m i t t e r  f r e q u e n c y  off s e t  f r o m  the a u t o m a t i c  f r e q u e n c y  
c o n t r o l  c e n t e r  f r e q u e n c y  d u r i n g  the t r a n s i t  p h a s e .  
d o p p l e r  sh i f t  r a t e  is noted  at acqu i s i t i on .  
s t a t ion  t r a n s f e r  b e c a u s e  the  s t a t i o n s  r e t u n e d  t h e i r  t r a n s m i t t e r s .  B e c a u s e  
of t h e  h igh  i m p e d a n c e  of t h i s  s igna l ,  several  p r e d i c t e d  s i g n a l  p r o c e s s i n g  
e f f e c t s  a r e  appa ren t .  
r e t u r n  l ine  d r o p  c a u s e d  by t h e  add i t iona l  c u r r e n t  i n  t h e  g round  r e t u r n  l i n e s  
d u r i n g  high power ope ra t ion .  S p i k e s  o c c u r r e d  d u r i n g  e n g i n e e r i n g  i n t e r r o  - 
ga t ions  of mode  4 due  t o  s t e p  c h a n g e  in  c o m m u t a t o r  unba lance  c u r r e n t .  

A l a r g e  e r r o r  due  t o  
S t e p s  in  t h e  d a t a  o c c u r r e d  a t  

S t e p s  o c c u r r e d  in the d a t a  a t  h igh  p o w e r  t u r n o n  d u e  t o  

R e c e i v e r  B S t a t i c  P h a s e  E r r o r  ( F i g u r e  5. 3 - 1 0 )  - R e c e i v e r  B w a s  u s e d  
f o r  t r anspond ing  t h r o u g h  m o s t  of the  m i s s i o n .  
DSS t r a n s m i t t e r  f r e q u e n c y  o f f s e t  f rom the  r e c e i v e r  p h a s e  lock  c e n t e r  f r e -  
quency.  S i n c e  t h e s e  d a t a  a r e  a n a l o g o u s  t o  t h e  a u t o m a t i c  f r e q u e n c y  c o n t r o l  
d a t a  d i s c u s s e d  a b o v e ,  t h e  c o m m e n t s  a p p l y  e q u a l l y  w e l l  t o  t h e s e  da t a .  
should be noted, h o w e v e r ,  t h a t  t h i s  s i g n a l  is  not a s  s e n s i t i v e  t o  s i g n a l  
p r o c e s s i n g  e f f ec t s .  

T h e s e  d a t a  t h u s  r e p r e s e n t  t h e  

I t  

T r a n s m i t t e r  B T r a v e l i n p - W a v e  T u b e  T e m p e r a t u r e  ( F i g u r e  5. 1 - 9  ) - 
T h e s e  d a t a  r e p r e s e n t  the  t e m p e r a t u r e  of the  t r a v e l i n g  -wave tube  u s e d  for 
high -power  t r a n s m i t t e r  o p e r a t i o n  d u r i n g  t r a n s i t .  
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Team, c o n s i s t i n g  of V. S. A m s t a d t e r ,  W. Mi tche l l ,  W. G. M o o r e ,  
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5.4 SIGNAL PROCESSING 

5.4.  1 INTRODUCTION 

The signal process ing  subsystem i s  composed of the following units: 

1 )  Engineering signal processor  (ESP) 

2 )  Auxiliary engineering signal p rocesso r  (AESP) 

3) Cent ra l  signal processor  (CSP) 

4) Signal process ing  auxiliary (SPA) 

5)  Low data r a t e  auxi l iary (LDRA) 

These units contain two electronic  commutators  with a total of 6 operational 
modes ,  2 analog-to-digital  conver te rs  that  have available 5 digital bit  r a t e s ,  
17 s u b c a r r i e r  osc i l la tors  for  t ransmiss ion  of pulse coded modulation data and 
continuous rea l - t ime data ,  9 summing ampl i f i e r s ,  and signal conditioning sub-  
sys t em per formed normally throughout the mission.  

A s u m m a r y  of t e s t  and flight values for signal processing te lemet ry  
can be found in Table 5.4-1. Values for  the Surveyor  I, 2 ,  111, and 4 flights 
have been included for comparison.  

5 .4 .2  ANOMALIES 

There  w e r e  no anomal ies  in the signal process ing  subsys tem through- 
out the t r ans i t  flight. 

5 .4 .3  SUMMARY 

The signal process ing  subsystem per formed p rope r ly  throughoat the 
t r a n s i t  flight. 

A thorough ana lys i s  of the touchdown s t r a in  gages w a s  per formed in 
which computer ized signal p r o c e s s h g  techniques w e r e  used ,  such a s  d ivers i ty  
combining and digital f i l tering. 

PRECEDING PAGE BLANK NOT FILMED. 
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TABLE 5.4-1. COMPARISON OF SIGNAL PROCESSING VALUES 
FROM TEST AND FLIGHT 

T e l e m e t r y  Signal 

S-1  r e f e r e n c e  
voltage,  volts::( 

S-2 r e f e r e n c e  
r e t u r n ,  volts": 

S-5 E S P  commuta tor  
unbalance c u r r e n t ,  
microamperes:: '  

S-7 A E S P  commuta tor  
unbalance c u r r e n t ,  
microamperes" :% 

5 - 8 A E S P  r e f e r e n c e  
voltage*::" 

Surveyor V 
l igh t  Values ,  

Day 251 

4 .90  

0.0024 

-0.7649 

-2.062 

4 .95  

Surveyor  4 
Retes t  Values ,  

STV 

4 . 8 8  

0 

-1 .7  

- 3 . 0  

Surveyor  4 
Flight Values ,  

Day 197 

4.875 

0 

-1.714 

-2.813 

4.938 

Surveyor  I11 
R e t e s t  Values .  

STV-C4 

4 . 8 6  to  -4 .9  

0 

- 2 . 2  to  -2.6 

-1 .0  to - 1 . 2  

Surveyor  I11 
Flight Values ,  

Day 107 

4. 86 

0 

- 2 . 1  

- 1 . 3  

4 .94  

j u  rve  yo r 2 
Fl ight  
Values  

4 . 9  

0. 003 

-1 .4  

- 1 . 7  

Surveyor  I 
F l igh t  

Values  

4 . 8 8  

0. 0024 to  
0 .00  72 

- 3 . 1  

- 2 . 8  

":Mode 4. 

':'":*Mode 5,  not te lemetered  before  Surveyor  V. 
":":Mode 5. 

5 .4 .4  SIGNAL PROCESSING ANALYSIS 

5.4.4. 1 Unbalance Curren t  Correct ions 

In each te lemet ry  Commutator, t r ans i s to r  switches connect each analog 
outpi-lt voltage (represent ing a spacecraf t  voltage, cu r ren t ,  o r  t empera tu re )  
with a common commutator  line connected to  the input of one of two analog- 
to-digital converters .  
mon line to  reduce the s t r ay  capacitance,  equalize the load impedance, and 
provide bias cu r ren t s  for the commutator  and m a $ t e r  switches.  
bias cu r ren t s  a r e  not exactly equal, a difference o r  unbalance cu r ren t  exis ts .  
The te lemetry c i rcu i t  being sampled m u s t  supply this cu r ren t ,  causing a n  
e r r o r  in  the measured voltage proportional to the output impedance of the 
circui t .  

A boots t rap unloader c i rcu i t  i s  connected to  this com-  

Since these 

The unbalance c u r r e n t  for a specific te lemet ry  channel in each com-  
muta tor  (S-5 for ESP and S-7 for AESP) i s  measu red  in te lemet ry  modes 2 ,  
4, and 5. Figure 5.4-1 shows S-7 up to midcourse.  Although no plot of S-5 
has  been included, typical values have a l ready  been given i n  Table 5.4-1. 

5.4.4. 2 Potentiometer Reference Voltage Correct ions 

The nominally 4. 85 re ference  voltage is supplied by e i ther  the ESP o r  
AESP units to the landing gear  and so la r  panel pgsition potent iometers ,  to  the 
p r o p d s i o n  p res su re  t r ansduce r s ,  and to  the secondary sun senso r s .  This  r e f -  
e rence  voltage, derived f r o m  the 29-volt nonessential  bus,  v a r i e s  due to  load 
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and input supply voltage changes.  
2 a n d  4,  and can be used  t o  c o r r e c t  the affected s igna ls  whose ca l ibra t ions  
a r e  based  on a r e f e r e n c e  voltage of exactly 4 , 8 5  volts.  The A E S P  voltage w a s  
not t e l e m e t e r e d  before  Surveyor  V;  therefore ,  the values  given in Table 5 .4-1  
for  e a r l i e r  spacecraf t  w e r e  obtained by computation. 

The ESP voltage i s  t e l e m e t e r e d  in m o d e s  

5.4.4.  3 C u r r e n t  Cal ibrat ion Signals 

C u r r e n t  m e a s u r e m e n t s  are  accomplished by m e a s u r i n g  the voltage 
d r o p  a c r o s s  a low r e s i s t a n c e  shunt  which is in s e r i e s  with the power l ine being 
monitored.  This  m e a s u r e m e n t  is i n  the range  of 0 to 100 mil l ivol ts .  Since 
this  voltage is not r e f e r e n c e d  t o  ground a n d  is  not s c a l e d  t o  the 0 -  to 5-volt 
t e l e m e t r y  input leve l  range ,  i t  is  n e c e s s a r y  to amplify it with a different ia l  
ampl i f ie r .  The nominal  gain of this ampl i f ie r  i s  50, but its ac tua l  gain l in -  
e a r i t y  a n d  stabil i ty a r e  not specified to  a tight to le rance .  To  d e t e r m i n e  the 
c u r r e n t  ampl i f ie r  p a r a m e t e r s  and  thereby i n c r e a s e  the a c c u r a c y  of c u r r e n t  
m e a s u r e m e n t s ,  t h r e e  cal ibrat ion signals (with 0.2 -percent  s tabi l i ty)  a r e  
amplif ied and t e l e m e t e r e d  in  e a c h  commutator .  
u s e d  by pos tmiss ion  p r o c e s s i n g  f o r  a continual in-flight cal ibrat ion of the c u r -  
r e n t  a m p l i f i e r  . 

These  s ignals  can  thus be 

The major i ty  of the Surveyor  V data w a s  obtained in modes  5 and 6 ,  
and therefore  only the A E S P  c u r r e n t  ca l ibra t ion  s igna ls  w e r e  investigated.  
Table 5 .4-2  shows that  these  signals have changed by no  m o r e  than 0 . 5  p e r -  
cen t  s ince  being init ially s e t  at the unit flight acceptance  test. 
that  the gain of the A E S P  c u r r e n t  amplif ier  w a s  reasonably  constant o v e r  the 
mi s sion. 

It i s  a l s o  s e e n  

TABLE 5.4-2. SUMMARY O F  CURRENT CALIBRATION 
SIGNAL DATA IN AESP 

Signal 

E P - 2 7  

E P  -28 

E P - 2 9  

Function, 
p e r c e n t  

99  

so 

10 

Flight Data ,  
p e r c e n t  

-0..072 

0.12 

-0.14 

-0. 042 

0. 036 

0.43 
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1 
t 
8 

Figure 5 .4-  1. Commutator Unbalance Curren t  (AESP) 

I 

___ 

Figure 5.4-2. Midscale Curren t  Calibration (AESP) 
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The AESP m i d s c a l e  c u r r e n t  cal ibrat ion sensor ,  E P - 2 8 ,  is shcwn in  
F i g u r e  5 .4-2  as  a typical representa t ive  of the AESP cal ibrat ion te lemet ry .  
It can  be s e e n  that  the s ignal  value i s  a function of bit rate. This  effect  w a s  
noted previously as  occurr ing  on Surveyors  2, 111, and  4. 

5 . 4 . 4 . 4  Touchdown St ra in  Gage Data 

Magnetic tape data w e r e  obtained f r o m  two DSIF s ta t ions  via  the 85- 
foot d i a m e t e r  antenna at the P i o n e e r  s i t e  and the 210-foot d i a m e t e r  antenna 
at the M a r s  s i te .  These  two independent s ignal  paths  allow the technique of 
space  d ivers i ty  combining (References  1 and 2) t o  be used  on the two s e t s  of 
touchdown s t r a i n  gage (TSG) data ,  resul t ing in a s igna l  t r a c e  with improved  
s ignal - to  -noise ra t i  0 .  

In addition t o  d ivers i ty  combining, low-pass  f i l ter ing (by m e a n s  of 
digital  f i l ter ing on a computer )  of 50, 30, and  15 Hz ( - 3  db) bandwidth w a s  
employed. The data  w e r e  originally r e c o r d e d  with a cutoff f requency of 100Hz.  

The TSG mult iplex exhibi ts  intermodulation d is tor t ion  (IMD), r e  sulting 
in coherent  noise in  the channel  outputs. 
induced "noise" contaminating the output signal is  composed main ly  of a n  
approximate ly  45. 5-Hz component. 
s i ty  combining techniques wil l  not be v e r y  effective s ince  the noise  i s  coherent .  
Band s top  or low-pass f i l ter ing will  remove  the noise  and would be m o s t  effec-  
tive i f  u s e d  before  d ivers i ty  combining. 

It can  be observed  tha t  the IMD- 

The significance of th i s  no ise  is that  d i v e r -  

F i g u r e  5.4-3 shows the d ivers i ty  combined s t r a i n  gage waveforms 
for  TSG channels  1, 2, and 3 ,  respectively.  The postdetection bandwidth 
for  t h e s e  s ignals  i s  about 100 Hz. 

The s ignal- to-noise  r a t i o  l i s ted  on each  plot i s  a m e a n  power r a t i o  of 
the s ignal  f r o m  a n  a s s u m e d  ini t ia l  z e r o  deflection point t o  a n  a s s u m e d  final 
z e r o  deflection point with r e s p e c t  to the noise  defined over  s o m e  in te rva l  
p r i o r  t o  touchdown. 
unchanged p r i o r  t o  a n d  during the signal duration. 

This  ana lys i s  a s s u m e s  that  the noise  v a r i a n c e  is 

F i g u r e  5.4-4 shows the TSG channel  outputs d i v e r s i t y  combined,  then 
f i l t e red  by a 50 Hz (3 db) sixth o r d e r  bu t te rwor th  low-pass  f i l t e r .  S imi la r ly ,  
F i g u r e  5 .4-5  shows the TSG outputs f i l t e red  at 3 0  Hz ,  and F i g u r e  5.4-6 shows 
t h e m  f i l te red  at 15 Hz. 

5 . 4 . 5  DOCUMENTATION 

1 )  A.  W. D i t t m e r ,  "The Use of Diversi ty  Receiving Techniques to  Enhance 
S u r v e y o r  SC-1 S t r a i n  Gage Signals ,"  Hughes IDC 2292/188, 10 January  
1967. 

2 )  A. W. D i t t m e r ,  "Computer  Analysis  and P r e d i c t i o n  of S u r v e y o r  Space-  
c r a f t  (SC-1) S t r a i n  Gage Signals," Hughes IDC 2292/85,  1966. 
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b) S t r a in  Gage 2 c )  S t r a i n  Gage 3 

F i g u r e  5 . 4 - 3 .  Diver s i ty  Combined Low Pass Filtered at 100 Hz 
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a) Strain Gage 1 

b) Strain Gage 2 c )  Strain Gage 3 

Figure  5. 4-4.  Diversity Combined 50 Hz (3  db) Sixth Butterworth F i l t e r  
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a) Strain Gage 1 

b) Strain Gage 2 c) Strain Gage 3 

Figure  5.4-5. Diversity Combined 30 Hz (3 db) Sixth Butterworth F i l t e r  
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a) Strain Gage 1 

b) S t r a in  Gage 2 c) S t ra in  Gage 3 

1 Figure  5. 4-6. Diversi ty  Combined 15 Hz ( 3  db) Sixth Butterworth F i l t e r  
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3) R. J. Rechter ,  "Computer  Analysis  of SC-3 through SC-7 TSG Multiplex 
Intermodulation Distor t ion and Other  F a c t o r s ,  
Revision 1, M a r c h  1967. 

Hughes IDC 2292/223, 

4) M. Fashano and  R. J. Rechter ,  "DTRB-21 T e s t  P r o c e d u r e s ,  Resul t s  and  
Surnmary (TSG Multiplex)," Hughes IDC 2292/267, 5 May 1967. 
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5 . 5  FLIGHT CONTROL 

5. 5. 1 INTRODUCTION 

T h e  pr incipal  r e q u i r e m e n t s  of the Surveyor  flight cont ro l  s y s t e m  a r e  
a t t i tude c o n t r o l ,  a c c u r a t e  angular  maneuvers ,  p r e c i s i o n  velocity c o r r e c t i o n s ,  
and a soft lunar  landing. In o r d e r  to accompl ish  t h e s e  funct ions,  t h e  cont ro l  
s y s t e m  ut i l izes  such  h a r d w a r e  as  gyros ,  gas  j e t s ,  a solid fuel engine,  liquid 
fue l  engines ,  opt ical  s e n s o r s ,  t iming d e v i c e s ,  r a d a r s ,  and acce lera t ion  
sens ing  m e c h a n i s m s  . 

5. 5. 1. 1 Atti tude Control  

Atti tude control  is accomplished by two b a s i c  types of act ive cont ro l  
s y s t e m s .  
employed which ut i l izes  a r t i f ica l  ra te  feedback f o r  loop stabil ization. During 
p e r i o d s  of potentially l a r g e  moment  d i s t u r b a n c e s ,  such as the m a i n  r e t r o  
p h a s e ,  the  throt t le-control led v e r n i e r  engine s y s t e m  is used .  T h e  e r r o r  s i g -  
n a l s  r e q u i r e d  f o r  controll ing the propulsion s y s t e m s  a r e  der ived  f r o m  opt ical  
s e n s o r s  o r  rate integrat ing g y r o s  which a r e  mounted on  the s p a c e c r a f t  in 
such a way as to  provide a three-axis  cont ro l  s y s t e m .  During c o a s t  phase ,  
when t h e  g a s  j e t  s y s t e m  is used ,  two m o d e s  of opera t ion  a r e  available.  
is the c e l e s t i a l  re fe renced  mode using the s u n  and Canopus,  and the second 
is self-contained i n e r t i a l  referencing (gyros) .  
es tab l i sh  a c c u r a t e  spa t ia l  a t t i tude ,  and the  second mode  is genera l ly  used 

During c o a s t  phase ,  a bang-bang type of a t t i tude gas  je t  s y s t e m  is 

One 

The first mode i s  used to  

when m o m e n t a r y  i n e r t i a l  r e f e r e n c e  is 
a n  at t i tude maneuver .  

5. 5. 1. 2 Angular Maneuvers  

d e s i r e d ;  such a n  ins tance  o c c u r s  during 

T h e  rate integrat ing g y r o s  a r e  
v e r s ,  accomplished by p r e c e s s i n g  the 
i n t e r v a l s  and slaving the spacecraf t  to  

a l s o  used foy a c c u r a t e  angular  m a n e u -  
gyros  at p r e c i s e  rates f o r  given t i m e  
the g y r o s  through t h e  g a s  je t  s y s t e m .  

5. 5 .  1. 3 Velocity C o r r e c t i o n  

A m i d c o u r s e  velocity cor rec t ion  capabi l i ty  is provided by a s y s t e m  
consis t ing of t h r e e  v e r n i e r  engines ,  a p r e c i s i o n  t i m e r ,  and a n  a c c u r a t e  
a c c e l e r a t i o n  sens ing  device.  
ation l e v e l  and the output f r o m  a n  a c c e l e r o m e t e r  provides  the e r r o r  signal 
that  c o m m a n d s  the v e r n i e r  engines to  the requi red  t h r u s t  l e v e l s .  

The  difference between the commanded a c c e l e r  - 

The constant  
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a c c e l e r a t i o n  and var iab le  t i m e  concept u s e d  by the S u r v e y o r  flight cont ro l  
s y s t e m  provides the flexibil i ty of choosing velocity c o r r e c t i o n s  f r o m  0 to 50 
m l s e c .  

5 .  5. 1 . 4  Soft Landing 

Surveyor ' s  sof t  landing capabi l i ty  is provided by a sophis t icated 
technique utilizing r a d a r s  to  compute ve loc i t ies  and range .  
mat ion  is then used  by a n  on-board c o m p u t e r  t o  provide v e r t i c a l  velocity 
commands  to  the v e r n i e r  engine s y s t e m  accord ing  to  a n  approximate ,  con- 
s tant  acce lera t ion ,  V 2 / R  function. The  velocity information is u s e d  by the  
v e r n i e r  engine at t i tude cont ro l  loop to produce  a n e a r - g r a v i t y  t u r n  descent  
by aligning the s p a c e c r a f t  t h r u s t  axis t o  the t r u e  velocity vec tor .  The  
velocity information is  a l s o  used,  along with velocity commands ,  to  gen- 
e r a t e  e r r o r  signals f o r  the velocity control  loop. 

The  range i n f o r -  

To provide the r e q u i r e d  condition of low velocity f o r  the sof t  landing 
phase,  a la rge  amount  of approach  velocity is removed by a sol id  fuel  rocke t  
engine during the init ial  port ion of the t e r m i n a l  descent  phase .  
a t t i tude during th i s  phase is iner t ia l ly  s tabi l ized by the g y r o  v e r n i e r  engine 
cont ro l  sys tem.  

Spacecraf t  

5. 5 .  1. 5 Mission P e r f o r m a n c e  

Surveyor  V flight cont ro l  s y s t e m  p e r f o r m a n c e  w a s  s a t i s f a c t o r y  through - 
out  the  mission. Twenty-two m i n u t e s  following completion of the ini t ia l  m i d -  
c o u r s e  velocity c o r r e c t i o n  and reor ien ta t ion  of the s p a c e c r a f t  r o l l  a x i s  f o r  the 
sun-l ine,  a nonstandard v e r n i e r  engine burn of 10. 05 seconds  w a s  m a d e  in  an  
a t tempt  to r e s e a t  the helium p r e s s u r e  regula tor  valve. A third engine burn of 
23. 05 seconds w a s  m a d e  approximate ly  27 minutes  a f te r  the second with the 
s p a c e c r a f t  ro l l  axis or iented 180 d e g r e e s  f r o m  the sun-line.  The fourth engine 
burn (12 seconds on, 1 second off, 0. 5 second on, 1 second off, and 0. 5 second 
o n )  w a s  made  approximately 1 hour a n d  39 minutes  la te r .  
of 33. 05 seconds was  made approximate ly  4 h o u r s  and 6 minutes  a f t e r  the 
fourth.  
and 7 minutes  af ter  launch. 
t racking  data.  

A fifth engine burn  

The sixth engine burn of 5. 45 seconds  w a s  made  approximate ly  1 5  h o u r s  
Only the f i r s t  a n d  sixth burns  w e r e  based upon 

A special  sequence of taped e m e r g e n c y  commands  w a s  t r a n s m i t t e d  
during the m a i n  r e t r o  burn phase of the t e r m i n a l  descent  in o r d e r  to  provide 
e a r l y  r e t r o  case  separa t ion  as well  as e a r l y  high t h r u s t  and s t a r t  of the 
RADVS-controlled descent .  T h i s  w a s  done to  minimize  the to ta l  burn t i m e  of 
the v e r n i e r  engines i n  view of the l imited hel ium g a s  available.  

5. 5. 1. 6 Analysis 

Subsection 5. 5. 4 contains  the a n a l y s i s  effort .  The  ana lys i s  i t e m s  a r e  

A log of t i m e  a n d  events  is presented  in Table  5. 5-1, and a 
ca tegor ized  under m a j o r  m i s s i o n  p h a s e s  for e a s i e r  identification and p e r f o r m  - 
a n c e  evaluation. 
table  of r e s u l t s  (Table  5. 5 -2)  is  given i n  subsection 5. 5. 3 .  

5. 5-2 
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TABLE 5. 5-1. 

Event  

Launch 

Injection 

Separa t ion  

E l e c t r i c a l  

Mechanical  

Automatic  s u n  acquisit ion 

Start  

Completed 

C anopus ver i f icat ion , 
s t a r t e d  

C anopus acquis i t ion,  
completed (Canopus 
lockon) 

G y r o  d r i f t  check  No, 1 

Start  

s t o p  

G y r o  d r i f t  check No.  2 

S t a r t  

s t o p  

G y r o  d r i f t  check  No. 3 
( r o l l  only) 

Start 

s t o p  

SURVEYOR V TIME AND EVENTS LOG 

Date,  GMT 

8 September  1967 

5 . 5 - 3  

Mission T i m e  

07: 57: 0 1 

08: 06: 53 

08: 16: 22 

08: 16: 27 

08: 17: 11 

08: 29: 12 

14: 10: 0 1 

14: 27: 52 

15: 45: 5 1 

18: 16:27 

18: 24: 27 

20: 16:Ol 

2 1: 43: 56 

23:40:31 

G M T ,  
hr:  min: s e c  From Launch 

0 

9M5 1s 

19M20S 

19M25S 

20M9S 

32M 10s 

6H 13MOOS 

6H2OM5 1s 

7H48M5 OS 

10H 19M26S 

10H27M26S 

12H 19MOOS 

1 3H46M 5 5s 

15H 43M 30s 



Table 5. 5 -1  (continued) 

M i s s i o n  T ime  

Event 

Premidcourse  roll  
t 72  d e g r e e s  

S t a r t  

s t o p  

P remidcourse  yaw 
-35. 8 deg rees  

S ta r t  

s t o p  

Engine burn  No.  1 
14. 3 seconds 

S t a r t  

s t o p  

P o  stmid cour  s e  yaw 
t 3 5 .  8 deg rees  

S t a r t  

s t o p  

Engine burn  No.  2 
10. 05 seconds 

S t a r t  

s t o p  

Pr e - engine burn N o .  
yaw -180. 2 degrees  

S t a r t  

3 

Date,  GMT 

9 September  1967 

s t o p  

5 . 5 - 4  

GMT,  
ir:min: s e c  

0 1: 32: 58 

0 1: 35: 22 

0 1: 38: 08 

0 1: 39: 19 

01:45:03 

0 1: 45: 17 

0 1: 5 3: 5 1 

0 1: 55: 02 

02: 12:03 

02: 12: 13 

02: 24: 34 

02: 30: 34 

F r o m  Launch 

17H 35M57S 

17H 38M2 1s 

17H4 1M 07s  

17H42M 18s 

17H48M02S 

17H48M 16s 

17H 5 6M 5 OS 

17H58MO 1s  

18H 15M02S 

18H 15M12S 

1 8H2 7M 3 3s 

18H 33M 33s 
I 



Table 5. 5-1 (continued) 

Event 

Engine burn No. 3 
23. 0 5  seconds 

S t a r t  

s t o p  

Pos tmidcourse  r o l l  
-72  d e g r e e s  

S t a r t  

s t o p  

P re -eng ine  burn No. 
rol l  t 6 8 .  6 deg rees  

S t a r t  

s t o p  

P re -eng ine  burn No. 
yaw t 1 0 6 .  8 deg rees  

S t a r t  

s t o p  

Engine burn  No. 4 
12. 1 seconds 

S t a r t  0. 5 second 

Stop 0.  5 second 

P r e - e n g  ne burn  No.  
ro l l  t 6 4 .  6 deg rees  

S t a r t  

s t o p  

Date, G M T  

9 September 1967 
(continued) 

5 .5-5  

Mission T ime  

G M T ,  
hr: min: s e c  

02: 39: 52 

02: 40: 15 

04: 00: 4 6  

04:03: 10 

04:05: 55  

04: 08: 12 

04: 09: 34 

04: 13: 08 

04: 18: 48 

04: 19: 0 3  

07: 54: 30 

07:56: 39 

F r o m  Launch 

18H42M5 1s 

18H43M 14s 

2 OH0 3M45S 

2OHO6M09S 

2 OH 0 8M 5 4 s  

20H11M 11s  

20H 1 2M 3 3s  

2OH 16M07S 

20H2 1M47S 

2OH22M 0 2 s  

2 3H57M29S 

2 3H59M38S 



Table 5. 5 -  1 (continued) 

Event 

Pre-engine  burn No.  5 
yaw t143 .  4 degrees  

S t a r t  

s t o p  

Engine burn No.  5 
33. 1 seconds 

S t a r t  

s t o p  

Gyro  dr i f t  check N o .  4 

S t a r t  

s t o p  

Gyro  dr i f t  check N o .  5 

S t a r t  

s top  

Gyro dr i f t  check N o .  6 
( ro l l  only) 

S t a r t  

s t o p  

Gyro dr i f t  check No.  7 

S t a r t  

s t o p  

Gyro dr i f t  check N o .  8 

S t a r t  

s t o p  

Date ,  GMT 

9 September  1967 
(continued) 

Mission T ime  

G M T ,  
hr: min: s e c  

07 

08 

08 

58:31 

03: 1 6  

24: 04  

08: 24: 37 

09: 08: 32 

09:56:51 

ll:39:31 

13: 15: 29 

13: 17: 57 

15: 08: 09 

15: 10:41 

17: 18:08 

17: 59: 59 

20: 10: 23 

F r o m  Launch 

24HOlM3OS 

24HO6M15S 

2 4H 2 7M 0 3s 

24H27M36S 

25H 1 1M3 1s 

2 5H 59M5 OS 

27H 12M3OS 

29H 18M28S 

29H2OM56S 

3 1H 11M08S 

3 1H 13M4 1s 

33H2 1M07S 

34HO2M 5 8 s  

36H 13M22S 

8 
I 
1 

5 .5 -6  
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Table 5. 5 - 1  (continued) 

Event 

Gyro  dr i f t  check No. 9 

S t a r t  

s t o p  

P re -eng ine  burn No.  6 
ro l l  of - 7 6  degrees  

S t a r t  

s t o p  

P re -eng ine  burn No.  6 
yaw of -100.  6 deg rees  

S t a r t  

s t o p  

Engine burn No.  6 
5. 45 seconds 

S t a r t  

s t o p  

Sun reacquired 

C anopu s reacquired 

Gyro  dr i f t  check No. 10 

S t a r t  

s top  

Gyro  dr i f t  check No. 11 
( ro l l  only) 

S t a r t  

s t o p  

Date, G M T  

9 September 1967 
(continued) 

Mission T im?  

G M T ,  
hr:min:sec 

20: 59: 05 

2 1: 48: 52 

23: 13:51 

23: 16: 23  

23: 19: 36 

2 3: 22: 57 

23: 30: 58 

23: 31:03 

2 3: 39: 28 

2 3: 46: 37 

0 1: 35: 19 

04: 33: 03 

1 3: 0 5: 0 3 

15:24: 13 

~~ 

F r o m  Launch 

37HO2M04S 

37H5 1M5 1s  

39H16M5OS 

39H 19M22S 

39H22M 35s 

39H25M56S 

39H 3 3M57S 

39H34MO2S 

39H 42M 2 7 s  

39H49M36S 

41H38M18S 

44H 3 6MO2S 

53HO8MO2S 

55H27M12S 

5 . 5 - 7  



1 
Table 5. 5 - 1  (continued) 

Event 

Gyro d r i f t  check No .  

S t a r t  

s top  

Yaw precession ra te  
calibration check 
+179. 9 degrees 

S tar t  

s top  

+180. 1 degrees 

S tar t  

s top  

P r e r e t r o  ro l l ,  
+74. 0 degrees  

S ta r t  

s top  

P r e r e t r o  yaw, 
+119. 6 degrees 

S ta r t  

s top  

AMR m a r k  

Vernier ignition 

Retro ignition 

12 

Date,  GMT 
~ 

9 September 1967 
(continued ) 

10 September 1967 

5 .5-8  

Mission Time 

G M T ,  
hr:min: s ec  

15: 27: 08 

17: 59: 42 

18: 12: 19 

18: 18: 20 

18: 22: 55 

18: 28: 55 

00: 12: 18 

00: 14: 46 

00: 16:23 

00: 20: 22 

00: 44: 39.11: 

00: 44: 5 1.44: 

00: 44:52.53. 

‘rom Launch 

5 5H 30M07S 

58H02M41S 

64H 15M 17s 

64H 17M04S 

64H 19M22S 

64H23M21S 

64H47M38S 

64H 47M 5 OS 

64H47M 5 1s 

1 

li 
t 
8 
1 
8 
1 
1 
1 
1 
8 
8 
1 
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Event 

RADVS O N  

Iner t ia  switch open 

Reliable operation of 
doppler velocity sensor  

Reliable operation of 
radar  a l t imeter  

Burnout (inertia 
switch closed) 

Re t ro  eject  

~~ 

Date,  GMT 

10 September 1967 
(cont i nue d ) 

High th rus t  

S t a r t  RADVS-controlled 
d e s c  en t  

1000 fee t  

10 fps 

14  feet  

5 .5 -9  

Mission Time 

G M T ,  
hr:min: s ec  

00:44:53.456 

00: 44: 54.753 

00:45:24. 155 

00: 45:20.555 

00:45: 31.355 

00: 45: 40.3 9 5 

00:45:40.955 

00: 45: 42.395 

00: 46: 19.697 

00:46:37.097 

00: 46: 42.697 

F r o m  Launch 

64H 4 7 M 5 2s  

64H 4 7M 5 3s 

6 4H 48M 23 S 

64H 48M 19 S 

64H48M 30s 

64H48M39S 

64H48M3 8s 

6 4H 4 8M 4 1 S 

64H49M 18s  

64H49M36S 

64H 49 M 4 1 S 



5. 5. 2 ANOMALY DESCRIPTION 

T h e r e  w e r e  no flight cont ro l  a n o m a l i e s  during the mission.  

5 .5 .3  SUMMARY 

A s u m m a r y  of flight cont ro l  s y s t e m  p e r f o r m a n c e  is presented  in 
Table  5. 5-2.  

P e r f o r m a n c e  w a s  completely n o r m a l  f r o m  Centaur  separa t ion  t o  
touchdown, including automatic  sun acquis i t ion a n d  Canopus lock-on. 

5 . 5 . 4  SUBSYSTEM PERFORMANCE ANALYSIS 

5. 5. 4. 1 Prelaunch 

G y r o  T e m p e r a t u r e s  

T h e  gyro t e m p e r a t u r e s  j u s t  p r i o r  t o  launch a t  05:50 GMT a r e  shown 
in Table  5.  5-3.  

Nitrogen Weight 

The  est imated on-board  n i t rogen  weight a t  launch w a s  4 .  57 pounds 
I b a s e d  on a t e l e m e t e r e d  tank p r e s s u r e  of 4708 p s i  at a tank t e m p e r a t u r e  of 
~ ’ 81. 8°F .  This a g r e e d  with the b e s t  e s t i m a t e  of 4 . 5 7  pounds of n i t rogen  

loaded. 

5 . 5 . 4 . 2  Launch Through Separat ion F r o m  Centaur  

After  extending i t s  landing legs ,  Surveyor  i s  s e p a r a t e d  f r o m  the 
Centaur  booster .  When the  t h r e e  legs-down signals  and the separa t ion  s ignal  
have been generated,  the p r o g r a m m e r  r e m o v e s  the logic s igna l  which h a s  
been  inhibiting operat ion of the g a s  j e t  a m p l i f i e r s .  
magnitude r e g i s t e r  begins to count down 1024 counts f o r  a 51-second i n t e r v a l ;  
the  s t a r t  of sun acquis i t ion is  inhibited f o r  th i s  i n t e r v a l  t o  give the cold g a s  
a t t i tude control s y s t e m  opportunity to  r a t e  s tab i l ize  the s p a c e c r a f t .  
5. 5-1 presents  t h e s e  events  in t i m e  r e f e r e n c e .  

At th i s  same instant ,  the  

Table  

Rate  stabil ization is accompl ished  b y  using the t h r e e - a x i s  a t t i tude 
cont ro l  sys tem t o  torque  the  s p a c e c r a f t  and d r i v e  the caged integrat ing rate 
gyro  e r r o r  signals t o  within the deadband of each  gas  je t  a m p l i f i e r .  
a t  the end of a nominal  r a t e  s tabi l izat ion m a n e u v e r ,  the s p a c e c r a f t  h a s  
achieved a low angular  velocity a t  a r a n d o m  orientat ion in  i n e r t i a l  s p a c e .  
The  s y s t e m  response is dependent upon the magnitude and d i rec t ion  of the 
ini t ia l  velocity vec tor  and the g a s  j e t  t h r u s t  l eve ls ,  and is essent ia l ly  dead-  
band in  nature .  

T h u s ,  

5. 5-10 
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TABLE 5.5-2 .  FLIGHT CONTROL RESULTS 

Pre launch  

P r o p e r  gy ro  t empera tu re  
con t ro l  

Verif icat ion of N loading 2 

Centaur  sepa ra t ion  

T i m e  requ i r ed  to null  r a t e s  
t o  l e s s  than 0.1 d e g / s e c  

Magnitude of angular  r a t e  a t  
s epa ra t ion  

Sun acquis i t ion 

P r o p e r  sun acquis i t ion 

Ro l l  

Yaw 

To ta l  t ime  

N g a s  used 2 

S t a r  acquis i t ion 

P r o p e r  acquisit ion and 
ver i f icat ion of Canopus 

Roll  angle  f r o m  beginning of 
maneuver  to Canopus 

Objects  identified 

hlean ro l l  r a t e  during star 
map phase  

Effect ive gain ( r e l a t ive  to 
nominal  Canopus) of Canopur 
s e n s o r  

N Z  g a s  used 

Coast  mode  

Limit  cyc le  (gas  je t  s y s t e m )  
Optical  mode / ine r t i a l  mode 

Average ampli tude-  ro l l  

Average amplitude-pitck 

Average amplitude- yaw 

Gyro dr i f t  

Rol l  

P i t ch  

Yaw 

Gas j e t  t h rus t  level  

Controll ing 
Specification 

224832A 

13. 5. 2. 1) 

: 7 . 3 . 3 . 3 . 4 )  

Design 

7 . 3 . 3 . 3 . 5 )  

3esign 

7 . 3 . 3 . 3 . 6 )  

7 . 3 . 3 . 3 . 3 )  

7 . 3 . 3 . 3 .  5) 

7 .3 .3 .3 .3C)  

5. 5-11 

Specification Value 

4.57 pounds 

C O . 1  deg/sec within 50 
seconds 

53.0 deg/sec 

Minus roll  maneuver  until  
activation of acquis i t ion 
sun sensor  and then a plus 
yaw maneuver until  p r i -  
m a r y  sun s e n s o r  
i l lumination 

0.054 pound ( ave rage )  

Posit ive ro l l  maneuver  
sufficient to produce a n  
adequate s t a r  m a p  for  
Canopus ver i f icat ion.  P r o -  
vide a lockon s ignal  when 
Canopus appea r s  in the  
senso r  field of view 

0. 5 deg/sec 

3.048 pound ( ave rage )  

Roll axis sha l l  b e  held to 
within 0.20 deg ree  of sun-  
spacecraf t  l ine,  plus a 
t0 .30 degree l imit  cycle  

Same magnitude a s  above 
for Canopus-spacecraf t  
l ine 

t0.30 degree 

C l  deg/hr  

>0.052 pound 

Resul ts  

Roll  169. 2 "F 
Pi tch 162. 1 "F 
Yaw 159. 7 "F  

4. 57 pounds 

< 2 0  seconds 

< I .Odeg / sec  

-342. 5 deg rees  of ro l l  

t 18 .0  deg rees  of yaw 

IZMZS 

CO. 1 pound 

Automatic lockon 

179 degrees  

(Antares  and T a u  
Scorpii);:: ( Alnitak, 
Alnilam, Mintaka)* 
Bel la t r ix ,  E l  Nath, 
Capella,  Po la r i s ,  Zeta 
Ophiuchi, ea r th  

0 .5007deg/sec * O . O O O O l  

1 .32  X Canopus 

0 .04  pound 

3.46/0.3 deg ree  

1.37/0.31 degree  

3.5/0.36 degree  

Roll $0.85 d e g / h r  

Pitch t 0 . 6  d e g / h r  

Yaw -0.6 d e g / h r  

1.061 pound ( ro l l )  

Comment s  

T i m e  was  251:05:42 
GMT 

( F C - 4 )  = 4708 ps i  
( F C - 4 8 ) =  81. 8 ° F  

Tank t e m p e r a t u r e  may  
not have been a t  
steady s t a t e  

Sun and  s t a r  e r r o r  
s ignal  noise  level  
were low enough to 
have no effect  on the 
l imit  cycle  
performance 

Values a r e  that  of the 
total deadband. P r e -  
dicted values  were:  

3.44 / O  .44 deg ree  

3.44 / O  .44 deg ree  

3.44/0.44 degree  

Design value i s  
1.057 pound 



Table 5. 5-2 (continued) 

' r emidcour se  maneuvers  

Maneuver  angles  (No. I burn)  

Roll  t 72 degrees  

Yaw - 35. 8 degrees  

P r e c e s s i o n  command t imes  
(No. 1 burn )  

Roll  144 seconds 

Yaw 7 1 . 6  seconds 

Atti tude maneuver accu racy  
( includes dr i f t ,  init ial  at t i-  
tude e r r o r s ,  and l imit  cycle 

Manuever  angles  (No. 3 burn  

Yaw -180. I degrees  

P r e c e s s i o n  command t ime  

Yaw 360.2 seconds 

Maneuver  angles  (No .  4 burn 

Roll  t 68. 5 degrees  

Yaw t 1 0 6 . 7  degrees  

P r e c e s s i o n  command t imes  

Roll 137. 0 seconds 

Yaw 213.4  seconds 

Maneuver angles  (No .  5 burn 

Rol l  t 6 4 .  5 degrees  

Yaw t 143.3  degrees  

P r e c e s s i o n  command t imes  

Roll  129. 0 seconds 

Yaw 286. 6 seconds 

Maneuver angles  (No .  6 b u n  

Roll -75. 9 degrees  

Yaw -100. 5 degrees  

P recess ion  command t imes  

Rol l  151.8 seconds 

Yaw 201.0  seconds 

Maximum midcourse acce l -  
e r a t ion  e r r o r  

Expected AVItracking A V  

Shutdown impulse (No.1 burr 

Engine 1 

Engine 2 

Engine 3 

Shutdown impulse (No.  2 burr 

Engine I 

Engine 2 

Engine 3 

Controll ing 
Specification 

7.3.3.3. 7) 

224 832A 

(8.3.1.3.2.4.  I 

Specif icat ion Value 

i a t e s  s h a l l  be control led 
o be 0.5iO.0011 d e g l s e c  

) .2  second plus 0.02 p e r -  
:ent of command in t e rva l  
nagni tude 

AV e r r o r  C t 1 . 3  f t f s e c  

< 5 Ib-seclengine 
P impulse C0.66 I b l s e c  

Resu l t s  

- 7 1 . 9  d e g r e e s  

' 3 5 . 6  d e g r e e s  

4 3 . 8  seconds 

7 1 . 2  seconds 

I. 22 degree  with 
I. 13 degree  
iu uncertainty 

.179. 547 degrees  

$59.09  seconds 

t 68.661 degrees  

106. 748 degrees  

137.322 seconds 

!13.496 seconds 

C64. 547 degrees  

C 143. 213 degrees  

129.094 seconds 

z86.416 seconds 

-75.891 degrees  

-100.408 degrees  

151.782 seconds 

200. 816 seconds 

17. 8 fps 

17. 4 fps 

- 0.06 Ib-sec 

t 0.05 Ib-sec 

t O . 0 1  Ib-sec 

- 0 . 1  Ib-sec 

t 0 . 1 8  Ib-sec 

- 0 . 0 8  l b - sec  

Comment s  

I s suming  a p r e c e s -  
sion level  of 0.5000 
l e g l s e c  

Chese t i m e s  w e r e  
>btained f r o m  the 
:yro e r r o r  s ignal  
response prof i le  

Zalculated using 
rctual data  of d r i f t ,  
i t t i tude e r r o r s ,  and  
sxecution e r r o r s  
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Table 5. 5-2  (continued) 

Shutdownimpulse (No.3  burn 

Engine 1 

Engine 2 

Engine 3 

Shutdown impulse (No.4 burn 

Engine I 

Engine 2 

Engine 3 

Shutdownimpulse (No.  5bur r  

Engine 1 

Engine 2 

Engine 3 

Shutdown impulse (No. 6 burr  

Engine I 

Engine 2 
Engine 3 

P r e r e t r o  maneuvers  

Maneuver angles  

Roll 

Y a w  

P r e c e s s i o n  command t imes  

Roll  

Yaw 

Pointing accu racy  ( includes 
d r i f t ,  init ial  at t i tude e r r o r s  
and l imit  cycle) 

Gyro  drift  compensation 
values  

Roll  

P i t ch  

Yaw 

Termina l  descent  

AMR marking alt i tude 

Main r e t r o  

Burn  t ime  ( f r o m  ignitior 
t o  3 .5  g switch) 

Maximum r e t r o  th rus t  

P e a k  att i tude t r ans i en t  a t  
v e r n i e r  ignite - r e t r o  ignite 

Rol l  

Pi tch 

Yaw 

blain r e t r o  thrust  vec to r  to 
spacec ra f t  cen te r  of gravi ty  
o f f se t  

Controll ing 
Specification 

( 7 . 3 . 3 . 3 . 7 )  

( 7 . 6 .  I )  

1 7 . 3 . 3 . 3 . 9 )  

18 .3 .5 .3 .2 .  8) 

Specification Value 

Rates sha l l  be controlled 
to be 0.5 f 0.0011 deg / sec  

3 . 2  second plus 0.02 p e r -  
:ent of t he  command 
interval magnitude 

Within *I deg ree  

Vominal sldnt range of 
10 miles 

4pproximately 39 seconds 

C 10,000 pounds 

CO.18 inch 

5. 5-13 

Resul ts  

-0.13 Ib-sec 

+ 0 . 1 1  Ib-sec 

t 0 . 0 2  Ib-sec 

- 0.07 Ib-sec 

t O . 1 0  lb - sec  

- 0.03 Ib-sec 

- 0 . 5 3  Ib - sec  

t 0 . 6 5  Ib-sec 

- 0.12 Ib-sec 

- 0 . 2 9  Ib-sec 

t 0 . 1 5  Ib-sec 

- 0 . 1 4  Ib-sec 

t 73.9 deg rees  

t 1 1 9 . 5  deg rees  

147.8 seconds 

139 seconds 

), 43 with 0 .  2 2  
3 0  uricertainty 

t 0 . 8 5  d e g i h r  

t 0 . 6  d e g / h r  

- 0 . 6  d e g / h r  

19 seconds 

9740 pounds 

- 0 . 1 6  deg ree  

t 0 . 5  deg ree  

. 0. 5 deg ree  

.0 .048 inch 

Comment s  

Values only include 
execution e r r o r .  The  
des i r ed  values  were :  

Rol l  (t) 74 d e g r e e s  

Yaw ( t )  119.6degree:  

The command values  
w e r e :  

148  seconds 

139.2 seconds 

Computed using 
r e t r o  a c c e l e r o m e t e r  
data 



Table 5. 5 -2  (continued) 

' lhr i i s t  vec tor  poiiitiiig 
accu racy  dur ing  re t ro  burn  

Mean a t l i twle  c r r i ) r  d i i r i i i g  
burn  

noii 

1'1 t c 11 

Yaw 

Roi l  ac tua tur  pob:tion 

Peak a t  r e t r o  ign i t ion  

Ue.in value during burn  

' l i m e  between m C i j u r  ebents  

,\.MI< m a r k  anti v e r n i e r  
ignition 

Vern ie r  and  r e t ro  ~ g n ~ t i o r  

K e t r o  ignition and IL\I>VS 
power  o n  

Ket ro  ignit iunand r e t r o  burn  
out ( i ne r t i a  swi tch  c loses )  

Re t ro  burnout dnd r e t r o  
e j ec t  

Re t ro  e jec t  and hitti t h T U S t  

IIigh thrus t  anii s t . r r t  cjf 
i ~ A r ) v s - c o l , t ~ o i i c . i  l i c i ce l l t  

<etro burnuul cl,lldltlo,ls 

Slant range  

Tota l  velocity 

Angle between thrus t  L'ector 
r n d  velocity x e c t o r  

T:me t o  a1:gn Z-axis to  
velocity ~ e c t o r  

Descent  segmriit Intercept 
c ondi tioris 

' Iouchdown conditions 

V e r t l c r l  vc.loc1ty 

La te ra l  \el"clty 

9dditionaI in format ion  

Totail n i t rogen  g a s  used 

Gyro speeds  

Rol l  gy ro  

P i tch  gy ro  

Yaw gyro  

Gyro  hea te r  duty cycle 

Roll 

P i t ch  

Yaw 

+Seen as composi te  signal. 

Cont ro l l ing  
Specification 

j , 3 . L j . 3 . 2 . Y )  

7 . 3 .  I .  3 . 9 )  

!24 51OE 
' > . 1 0 . 2 . 1 )  

D r  5 i g n  

2 3 5 1 5 Y  

Speci f ica t ion  Value 

&':thin + I  degree  

1 to  20 second> 

1.1 f 0 . 1  seconds  

1.55 f 0.1 seLond  

39.2 secunds expec ted  

8.5 seconds  expec ted  

3 . 5  sc.concI expec ted  

I .5 seconds  expec ted  

6600 feet  

94 fps  

46 degrees  

9 second5 rnaxiiiiuni 

I500  feet  

I I 7  fps 

13 fps 

0 f p s  

0.95 f 0.52 pound 

T e l e m e t r y  va lue  = 50 cps  
f o r  a l l  t h r e e  gy ros  

Resu l t s  

1 . 3 0  degree  

1 0 . 3 6  d e g r e e  

a0 d e g r e e  

- 0.27 d e g r e e  

t 0 . 3 2  degree  

- 0.3 d e g r e e  

12 .  324 seconds  

1.09 seconds  

1 .52  Ty, seconds  

38.9 seconds  

9.0 seconds 

1 . 1  sccond, 

0.9 second  

5950 f ce t  

79 fps 

45 d e g r e e s  

< 5 sec.onds 

806 fce t  

97 fps  

a313.s fps 

< 1 .o fps 

1.0 

Roi l  = SO Hz ( a v e r a g e )  

P i tch  = 50 Hz ( ave rage )  

Yaw = SO Hz ( ave rage )  

Rol l  = 16 pe rcen t  (on)  

P i t ch  = 41 p e r c e n t  (on  

Yaw = 29 pe rcen t  (on)  

Comment s  

3ased  on  e s t ima ted  
Sersus ac tua l  burnout  
:onditions 

3xpec ted  12.3 seconds  

vx = -41 fps 

v = t  50 fps 

See coas t  mode  gas  
consumpt ion  
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Pre launch ,  
G y r o s  05:52  GiviT 

R o l l  169. 2 

P i t c h  162. 1 

Yaw 159. 7 

1 

Flight  cont ro l  s y s t e m  per formance  just  a f t e r  Centaur  separa t ion  w a s  
evaluated f o r  proper  nulling of the separa t ion  r a t e s ,  the t ime required to null  
r a t e s  to l e s s  than 0. 1 d e g l s e c ,  the total  angular  excurs ion ,  and magnitude 
of angular  r a t e s  due to separat ion.  

Separat ion t r a n s i e n t s  based on data rece ived  via Coas ta l  C r u s a d e r  
a r e  plotted in  F i g u r e  5. 5-1. 
that  any  separat ion-induced rate w a s  essent ia l ly  z e r o .  
yaw t r a n s i e n t s  a l s o  indicate s m a l l  separat ion-induced r a t e s ,  i t  a p p e a r s  that 
a n  i m p u l s e  d is turbance  caused a t ransient  motion away f r o m  null  a t  m e c h a n -  
i c a l  separat ion.  In o r d e r  to  bet ter  understand the n a t u r e  of this d i s turbance ,  
the in i t ia l  conditions a t  separa t ion  w e r e  u s e d  as inputs t o  a t h r e e  degree-of -  
f r e e d o m  analog simulation. The  resu l t s  of the s imulat ion for  the c a s e  where  
no e x t e r n a l  f o r c e s  a r e  p r e s e n t  a t  mechanical  separa t ion  is shown in 
F i g u r e  5. 5-2a. A good m a t c h  for the pitch and yaw t r a n s i e n t s  was obtained 
b y  introducing a posit ive 9. 50 and 0. 66 f t - l b - s e c  d is turbance  about the pitch 
and  yaw axes,  respectively,  at mechanical  separa t ion  ( F i g u r e  5. 5-2b). 
i s  a s s u m e d  that the separa t ion  spr ings apparent ly  w e r e  the source  of the 
d is turbance  even though Centaur  data indicated that extension of the t h r e e  
separa t ion  s p r i n g s  w a s  essent ia l ly  s imultaneous.  

The  ro l l  t rans ien t  a p p e a r s  n o r m a l  and  indicates  
While the pitch and  

It  

All t h r e e  body r a t e s  w e r e  reduced to S O .  1 d e g l s e c  in l e s s  than 2 0  
The  total  att i tude change of the s p a c e c r a f t  f r o m  the t i m e  of seconds.  

mechanica l  separatior! until each body r a t e  w a s  l e s s  than 0. 1 d e g / s e c  i s  the 
t i m e  in tegra l  of the plots i n  Figure 5. 5-1 over  the applicable t i m e  range. 
Graphica l  integrat ion provided the following r e s u l t s :  

Ro l l :  0 degree  

P i tch :  t 2 .  0 d e g r e e s  

Yaw: t 1. 1 d e g r e e s  

The  expected ni t rogen usage f o r  r a t e  diss ipat ion i s  small .  A typical  
r a t e  diss ipat ion t r a n s i e n t  will  requi re  the u s e  of 0. 040 pound of ni t rogen.  
Because the m e a s u r e m e n t  uncertaint ies  a r e  l a r g e  c o m p a r e d  to the usage ,  no 
quantitative m e a s u r e m e n t  of nitrogen g a s  consumption during r a t e  diss ipat ion 
w a s  at tempted.  
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5. 5. 4. 3 Sun Acqu i s i t i on  

F i f ty -one  s e c o n d s  a f t e r  e l e c t r i c a l  s e p a r a t i o n ,  sun  a c q u i s i t i o n  is  
in i t i a t ed  b y  a c o m m a n d  from t h e  f l i gh t  c o n t r o l  p r o g r a m m e r  wh ich  c a u s e s  a 
veh ic l e  r o l l  m a n e u v e r  of -0. 5 d e g / s e c  and c o n t i n u e s  un t i l  t he  sun  c o m e s  in to  
the  acquis i t ion  sun  s e n s o r  f ie ld  of v i ew which  is a l igned  a p p r o x i m a t e l y  t o  the  
s p a c e c r a f t  ro l l -p i t ch  plane. When t h i s  o c c u r s ,  t h e  r o l l  c o m m a n d  is r e m o v e d  
and a p l u s  yaw m a n e u v e r  i s  in i t i a t ed  t o  point  t h e  p r i m a r y  sun  s e n s o r  l ine  of 
s igh t  t o w a r d  the sun. When t h e  sun  fa l ls  i n t o  the  p r i m a r y  sun  s e n s o r  f ie ld  of 
v iew,  a lockon s i g n a l  is g e n e r a t e d .  
c o n t r o l  t o  the p r i m a r y  sun s e n s o r  and  a l s o  s e r v e s  t o  i n d i c a t e  ( v i a  t e l e m e t r y )  
the  comple t ion  of sun  acqu i s i t i on .  

T h i s  s i g n a l  s w i t c h e s  v e h i c l e  a t t i t u d e  

T h e  au tomat i c  sun  acqu i s i t i on  m o d e  w a s  in i t i a t ed  a t  09:17:11 GMT as  
ind ica t ed  by  se t t ing  of t he  sun  m o d e  "on" l a t ch .  T h e  e s t i m a t e d  m a g n i t u d e  of 
t he  r o l l  m a n e u v e r  b a s e d  on a c o n s t a n t  g y r o  p r e c e s s i o n  r a t e  of 0. 5 d e g / s e c  
w a s  342. 5 d e g r e e s ,  whi le  the  yaw m a n e u v e r  w a s  e s t i m a t e d  t o  be 18 d e g r e e s .  

Ni t rogen  Ut i l iza t ion  

Fol lowing  s u n  acqu i s i t i on ,  t h e  r e m a i n i n g  n i t r o g e n  w a s  e s t i m a t e d  at 
4. 60  pounds.  
e s t i m a t e d  on  boa rd  a t  l aunch ,  ind ica t ing  t h a t  t h e  n i t r o g e n  t a n k  t e m p e r a t u r e s  
had not ye t  s t ab i l i zed  w h e n  t h e  i n i t i a l  e s t i m a t e  w a s  m a d e .  

T h i s  i s  a c t u a l l y  0. 03  pound g r e a t e r  t han  the  a m o u n t  of g a s  

5. 5. 4 . 4  Canopus  ( S t a r )  Acqu i s i t i on  

A s  def ined in  R e f e r e n c e  1 (Spec i f i ca t ion  224510,  R e v i s i o n  E )  p a r a -  
g r a p h  3 .  4. 2: 

l ' .  . . the s p a c e c r a f t  i s  c o m m a n d e d  t o  r o l l  u p  t o  720 d e g r e e s  in  o n e  
cont inuous  ro l l .  D u r i n g  t h i s  r o l l ,  t h e  s t a r  i n t e n s i t y  s i g n a l  and  s t a r  
e r r o r  s igna l  are  mon i to red .  
and  Canopus  ident i f ied.  T h e  c a p a b i l i t y  f o r  p e r f o r m i n g  a t  l e a s t  f o u r  
of t h e s e  v e r i f i c a t i o n s  s h a l l  be p rov ided .  
p e r f o r m e d  b e f o r e  the  n o r m a l  s t a r  a c q u i s i t i o n  m o d e  is  in i t ia ted .  
s t a r  acqu i s i t i on  c o m m a n d  s t a r t s  a v e h i c l e  pos i t i ve  r o l l  of 0. 5 d e g / s e c  
u n t i l  a s t a r  of t he  c o r r e c t  b r i g h t n e s s  falls in to  the  s e n s o r  f ie ld  of 
view.  When t h i s  o c c u r s ,  a lockon s i g n a l  is  g e n e r a t e d  wh ich  s t o p s  t h e  
0. 5 d e g / s e c  r o l l  r a t e  and  s w i t c h e s  t h e  v e h i c l e  r o l l  c o n t r o l  t o  t h e  s t a r  
s e n s o r  e r r o r  s igna l .  1 '  

From t h e s e  s i g n a l s ,  a s t a r  m a p  i s  m a d e  

T h i s  v e r i f i c a t i o n  s h a l l  be 
T h e  

D u r i n g  M i s s i o n  E, t h e  s p a c e c r a f t  w a s  c o m m a n d e d  on d a y  251  to  r o l l  
a t  to. 5 d e g / s e c  a t  1 4 : l O : O l  GMT. 
r e c e i v e d  t ime of 14:10:02.4,  c o r r e s p o n d i n g  t o  L t 6  h o u r s  1 3  m i n u t e s  01. 1 
s e c o n d s .  
t h e  a n a l o g  s i g n a l s  s t a r  i n t e n s i t y  ( F C - 1 4 )  (i.  e. , u n t h r e s h o l d e d  s t a r  i n t e n s i t y )  
and  s t a r  a n g l e  o r  r o l l  e r r o r  ( F C - 1 2 )  (i. e . ,  t h r e s h o l d e d  s t a r  i n t e n s i t y )  on  a 
strip c h a r t  r e c o r d e r .  F r o m  t h i s  map, C a n o p u s  w a s  p o s i t i v e l y  ident i f ied  
( b a s e d  on ident i fying the  a n g u l a r  s p a c i n g  of C a n o p u s  p l u s  six o t h e r  o b j e c t s )  

T e l e m e t e r e d  c o n f i r m a t i o n  o c c u r r e d  a t  t h e  

Dur ing  the  e n s u i n g  r o l l ,  a s t a r  m a p  w a s  g e n e r a t e d  by r e c o r d i n g  

5. 5-20 



d u r i n g  the  f i r s t  3 6 0  d e g r e e s  oi 1-011. 
i t  w a s  dec ided  t o  cont inue  the  roll  and a c q u i r e  Canopus  when the  s t a r  e n t e r e d  
t h e  f i e l d  of v i ew d u r i n g  the  second  r evo lu t ion ,  i. e . ,  beyond 360 d e g r e e s .  I t  
had  been  o b s e r v e d  d u r i n g  the  f i r s t  r o l l  r evo lu t ion  t h a t  t he  Canopus  lockon 
s i g n a l  w a s  p r e s e n t  when C a n o p u s  w a s  iii the f i e ld  of view. 
p o s s i b l e  t o  e f f ec t  the  acqu i s i t i on  of C a n o p u s  by  employ ing  t h e  s ing le  sun  and 
s tar  c o m m a n d .  T h e  s p a c e c r a f t  was  c o m m a n d e d  t o  the  sun  and  s t a r  m o d e s  
a t  14:25:35, and  t e l e m e t e r e d  conf i rma t ion  o c c u r r e d  a t  t he  r e c e i v e d  t i m e  of 
14:25:36. 3. Canopus  lockon (FC-13)  t e l e m e t r y  w a s  r e c e i v e d  a t  14:27:51.  2, 
a f t e r  which i t  r e q u i r e d  a p p r o x i m a t e l y  65  s e c o n d s  f o r  both the  s t a r  i n t ens i ty  
a n d  r o l l  e r r o r  s i g n a l s  t o  s t a b i l i z e  to  t h e i r  deadband l i m i t s .  

'vC'hiIe t h e  s p a c e c r a f t  v;as st i l l  ro l l ing ,  

T h e r e f o r e :  it w a s  

S t a r  M a p  

At t h i s  point in t i m e ,  t he  s p a c e c r a f t ,  moon,  sun ,  and e a r t h  r e l a t i o n -  
s h i p s  in the  e c l i p t i c  p l ane  a r e  as shown i n  F i g u r e  5. 5-3a.  T h e  c e n t e r  of t h e  
m 3 o n  would p a s s  a p p r o x i m a t e l y  30 d e g r e e s  ou t s ide  the  f ie ld  of v i ew in a p l u s  
yaw d i r e c t i o n ,  and  the  c e n t e r  of the e a r t h  would p a s s  a p p r o x i m a t e l y  2 6 d e g r e e s  
o u t s i d e  the  f ie ld  of v iew in a p l u s  yaw d i r e c t i o n .  As  shown in F i g u r e  5. 5 -3a ,  
t he  s p a c e c r a f t  is  behind t h e  m o o n  and would t h e r e f o r e  ' ' s e e "  l e s s  than  a h a l f -  
moon.  L i k e w i s e ,  the s p a c e c r a f t  i s  in f r o n t  of t he  e a r t h  and would " s e e "  m o r e  
than  a h a l f - e a r t h .  
of v i ew and  t h e  e a r t h  a s  the  s p a c e c r a f t ' s  -X axis po in t s  t oward  the  e a r t h  
d u r i n g  s p a c e c r a f t  ro l l .  

F i g u r e  5. 5 -3b  d e p i c t s  t he  r e l a t i o n s h i p  of the  s e n s o r  f ie ld  

S i n c e  l a r g e  a r e a  br ight  ob jec t s  within a p p r o x i m a t e l y  35 d e g r e e s  of 
t h e  s e n s o r ' s  l i ne  of s igh t  w i l l  r e f l e c t  l ight  in to  the  s e n s o r  f r o m  ba f f l e s  in t h e  
s e n s o r ' s  l ight  sh ie ld ,  it w a s  expec ted  t h a t  s o m e  s t a r  i n t e n s i t y  s i g n a l  would 
r e s u l t  when t h e  s e n s o r  w a s  ro l l ing  p a s t  both t h e  m o o n  and the  e a r t h .  In 
add i t ion ,  36 s t a r s ,  wi th  in t ens i t i e s  g r e a t e r  t han  0. 37 X 10-14  w / c m Z ,  c o m e  
wi th in  t h e  C a n o p u s  s e n s o r ' s  f ie ld  of v iew d u r i n g  a c o m p l e t e  r o l l  revolu t ion .  
H o w e v e r ,  b a s e d  on l a b o r a t o r y  m e a s u r e m e n t s  of s t a r  i n t e n s i t y  s i g n a l s  v e r s u s  
s t a r  i n t e n s i t y  on t h i s  p a r t i c u l a r  s e n s o r  ( S / N 8 ) ,  i t  w a s  p r e d i c t e d  t h a t  11  s t a r s  
m i g h t  be  o b s e r v e d ,  a l though two s t a r s  w e r e  so c l o s e  t o  e a r t h  t h a t  t h e y  m i g h t  
no t  be  d i s t ingu i shab le ,  two o t h e r s  w e r e  c l o s e  t o g e t h e r ,  and t h r e e  o t h e r s  w e r e  
c lo s e t o  ge  the  r. 

F i g u r e  5. 5 -3c  d e p i c t s  t h e  p r e f l i g h t  ca l cu la t ed  a n g u l a r  ( r o l l  a n g l e )  
s p a c i n g  of t h e  moon,  e a r t h ,  Canopus ,  and  the  o t h e r  s t a r s  a c t u a l l y  o b s e r v e d .  

T h e  t e l e c o m m u n i c a t i o n s  s u b s y s t e m  w a s  i n  m o d e  1 a t  4400 b i t s / s e c ,  
r e s u l t i n g  in t r a n s m i s s i o n  of a 100 w o r d  c o m m u t a t o r  w o r d  f rame e a c h  0. 25 
second.  S t a r  ang le  ( F C - 1 2 )  and  s t a r  i n t e n s i t y  ( F C - 1 4 )  s i g n a l s ,  p l u s  d i g i t a l  
w o r d  3 ,  a r e  r e a d  ou t  e a c h  0. 05  second d u r i n g  e a c h  f r ame  (equ iva len t  t o  e a c h  
0. 025  d e g r e e  of s p a c e c r a f t  r o l l  at t h e  c o m m a n d e d  r o l l  r a t e  of 0. 5 d e g / s e c )  
and  d ig i t a l  w o r d s  1 and 9 a r e  read out  o n c e  p e r  f rame (equ iva len t  t o  e a c h  
0. 125  d e g r e e  of s p a c e c r a f t  r o l l ) .  

D u r i n g  t h e  m i s s i o n ,  s p a c e c r a f t  t e l e m e t r y  w a s  t r a n s m i t t e d  t o  t h e  S F O F  
f r o m  M a d r i d  (DSS-61)  a t  1100 b i t s / s e c ,  r e s u l t i n g  in t h e  t r a n s m i s s i o n  of a 
100  w o r d  c o m m u t a t o r  w o r d  f rame e a c h  second.  T h u s ,  d u r i n g  t h e  s t a r  m a p p i n g  
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p o r t i o n  of t he  m i s s i o n  in  r e a l  t i m e  a t  t h e  S F O F ,  only  o n e - f o u r t h  of the  t o t a l  
d a t a  w a s  a v a i l a b l e  f o r  s t a r  ident i f ica t ion .  F r o m  t h e  r e a l - t i m e  S F O F  ana log  
r e c o r d e r  traces of star a n g l e  and  s t a r  i n t ens i ty ,  i t  w a s  p o s s i b l e  t o  d i s t i n g u i s h  
LUUL s t a r s  ~ 1 ~ s  t x o  g rcups  o f  s m a l l  s t a r s  and  a 4 5 - d e g r e e - w i d e  high i n t e n s i t y  
s igna l .  T h e  a n g u l a r  s p a c i n g  of t h e s e  s i g n a l s  w a s  c o m p a r e d  with the  p r e -  
f l i gh t  ca l cu la t ed  s t a r  and e a r t h  angle  s ,  t h u s  p e r m i t t i n g  pos i t i ve  iden t i f i ca t ion  
of Canopus ,  Z e t a  Ophiuchi ,  Be l l a t r ix ,  P o l a r i s ,  t he  s t a r  g r o u p  of A n t a r e s  and  
T a u  S c o r p i i ,  t he  s t a r  g r o u p  of Alni tak,  A ln i l am,  a n d  Mintaka ,  p l u s  t h e  e a r t h .  

F r o m  p o s t m i s s i o n  ana log  r e c o r d e r  t r a c e s  u t i l i z ing  all c o m m u t a t o r  
f r a m e s  v e r s u s  e v e r y  f o u r t h  f rame obta ined  in r e a l  t i m e ,  it w a s  p o s s i b l e  t o  
ident i fy  two add i t iona l  s ta rs ,  G a m m a  T r .  A u s t r a l i s  and  Alpha L e p o r i s ,  p l u s  
o n e  of t h e  two t r a n s i t s  of the Milky Way.  

F i g u r e  5. 5 -4  d e p i c t s  analog t r a c e s  of p r i m a r y  sun  s e n s o r  p i tch  
a n g u l a r  e r r o r  ( F C - 5 ) ,  p r i m a r y  sun s e n s o r  yaw a n g u l a r  e r r o r  ( F C - 6 ) ,  r o l l  
g y r o  e r r o r  ( F C - 4 9 ) ,  s t a r  ang le ,  star in t ens i ty ,  d ig i t a l  w o r d  1,  and d ig i t a l  
w o r d  9 f r o m  the  s t a r t  of r o l l  t h rough  Canopus  acqu i s i t i on .  

T a b l e  5. 5 -4  i n d i c a t e s  t h e  r e s p o n s e s  r e c e i v e d  v e r s u s  p r e d i c t e d  
r e s p o n s e s .  
t i m e s  a t  which  p e a k  s t a r  i n t ens i ty  a m p l i t u d e s  a r e  d ig i t a l ly  r e c o r d e d  a t  the  
M a d r i d  s i t e .  

R o l l  ang le  is  m e a s u r e d  t o  the  n e a r e s t  0. 025 d e g r e e  based  on the  

T w o  o b j e c t s  a p p e a r e d  in the f i e ld  of v iew d u r i n g  the f i r s t  r evo lu t ion  
( a t  88. 9 and 91. 9 d e g r e e s )  and  one ob jec t  d u r i n g  t h e  second  r evo lu t ion  ( a t  
448. 5 d e g r e e s )  which  did not  exhibit  t h e  s a m e  type  of s t a r  a n g l e  and  s t a r  
i n t e n s i t y  r e s p o n s e s  as a c e l e s t i a l  body. S ince  the  a n g l e  be tween the  f i r s t  
o b j e c t  and  the ob jec t  s e e n  d u r i n g  the second  r evo lu t ion  i s  (448. 5 - 88. 9) o r  
359. 6 d e g r e e s ,  i t  a p p e a r s  tha t  t h e s e  s i g n a l s  e m a n a t e  f r o m  the s a m e  objec t .  
T h e  s i g n a l  s h a p e s  of a l l  t h r e e  of t h e s e  r e s p o n s e s  could be c a u s e d  by a n  
o b j e c t  t r a v e r s i n g  only  one-ha!f of the  f ie ld  of v i ew a t  a r e l a t i v e  a n g u l a r  r a t e  
i n  the  v i c in i ty  of 1. 0 d e g / s e c .  Thus  a n  ob jec t  mov ing  d i agona l ly  ( i .  e .  , with  
yaw and r o l l  r a t e s )  a c r o s s  the  field of v iew would yield the o b s e r v e d  r e s p o n s e ,  
but s u c h  a yaw r a t e  would p l a c e  the o b j e c t  ou t s ide  t h e  f ie ld  of v i ew d u r i n g  the  
next  revolu t ion .  H o w e v e r ,  s ince  the  r e s p o n s e  s h a p e  e s s e n t i a l l y  r e p e a t s  
d u r i n g  the  nex t . r evo lu t ion ,  i t  s e e m s  log ica l  t o  conc lude  t h a t  t h e s e  r e s p o n s e s  
a r e  due  t o  a r e f l e c t e d  b r i g h t  s p o t  o r  s p o t s  f r o m  t h e  s p a c e c r a f t .  

T h e  m e a n  r o l l  rate, as d e t e r m i n e d  from t h e  incremental time b e t w e e n  
t h e  f i r s t  and  second c r o s s i n g  of t h e  s e n s o r ' s  l i n e  of s igh t  by Z e t a  Oph iuch i ,  
is  3 6 0 / (  1 4 2 4 :  12. 840  - 14: 12: 13. 600) = 3 6 0 /  11. 59. 240 = 0. 5007 d e g / s e c .  
e r ro r  d u e  t o  s a m p l i n g  is  io. 25 second o r  *O. 0 0 0 0 3  d e g / s e c ,  and  t h e  e r r o r  
d u e  t o  r o l l  g y r o  l i m i t i n g  cyc l ing  is *O. 2 d e g r e e  o r  *O. 0 0 0 3  d e g / s e c .  

T h e  

A s  noted in  T a b l e  5. 5 -4 ,  the c o r r e l a t i o n  be tween p o s t -  and  p r e f l i g h t  
c a l c u l a t e d  a n g l e s  f r o m  C a n o p u s  of all s ing le  s t a r s  v a r i e s  f r o m  -0. 2 t o  -0. 5 
d e g r e e ,  which  is c o n s i d e r e d  w e l l  wi th in  t h e  c a p a b i l i t i e s  of the  a n a l y s t  to  
d e t e r m i n e  t h e  e x a c t  c e n t e r  of t h e  w e a k e r  s t a r ' s  s i g n a l s .  
the e a r t h  a n g l e  is -0. 7 d e g r e e ,  which is wi th in  t h e  a c c u r a c y  of d e t e r m i n i n g  
the  c e n t e r  of a wide ly  v a r y i n g  a m p l i t u d e  s igna l .  

T h e  c o r r e l a t i o n  o n  

5. 5 - 2 3  
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Figure  5. 5 - 4 .  Analog Plot of Canpus Acquisition 
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Star S e n s o r  P e r f o r m a n c e  

T h e  s t a r  s e n s o r  p rov ides  t h r e e  outputs :  s t a r  angle  o r  r o l l  e r r o r ,  
Canopus  lockon,  and  star in tens i ty .  
m e a s u r e m e n t s  is u s e d  t o  d e t e r m i n e  how w e l l  the  s e n s o r  p e r f o r m e d  in f l ight .  

h c o m p a r i s o n  of inrl ight and  pref l igh t  

T h e  star angle s igna l  i s  des igned  t o  increase f r o m  a qu ie scen t  leve l ,  
c l o s e  to  512 BCD when no s t a r  is in the  f ie ld  of view, t o  a m a x i m u m ,  c l o s e  
to  1023 BCD, when Canopus is approx ima te ly  t 2 d e g r e e s  f r o m  the  X-Z plane. 
It r e t u r n s  to  its qu ie scen t  l eve l  when Canopus is in  the  X-Z p lane ,  then  t o  a 
m i n i m u m ,  c l o s e  t o  0 BCD when Canopus is approx ima te ly  - 2  d e g r e e s  f r o m  
the X-Z  p lane ,  a n d  f ina l ly  i n c r e a s e s  t o  its qu ie scen t  l eve l  as Canopus  l e a v e s  
t h e  f i e ld  of view. 

T h e  star in t ens i ty  s igna l  is des igned  to  i n c r e a s e  f r o m  a qu ie scen t  

It then  d e c r e a s e s  to i t s  qu ie scen t  l eve l  as Canopus  l e a v e s  
l e v e l  when no s t a r  is in  the  f i e ld  of view to  a m a x i m u m  when Canopus is i n  
the  X-Z  p lane .  
t h e  f ie ld  of view. 
5 . 5 - 4 .  

No  s t a r  and  m a x i m u m  in tens i ty  va lues  a r e  l i s t ed  in T a b l e  

F i g u r e  5. 5 - 4  d e p i c t s  the  s t a r  angle  and star in tens i ty  s i g n a l s  for  all 
s t a r s  o b s e r v e d  du r ing  the  s t a r  map.  
view of the  s t a r  in tens i ty  s igna l  during m o s t  of the  t i m e  Canopus  w a s  in the 
field of view in the  f i r s t  revolut ion.  
t he  star angle  and s t a r  in tens i ty  s igna ls  p e r f o r m  as des igned .  

F i g u r e  5. 5 - 5  dep ic t s  a n  en la rged  

F r o m  t h e s e f i g u r e s ,  i t  can be seen  tha t  

S ince  the s t a r  in tens i ty  s igna l  i s  a m e a s u r e  of t h e  effect ive gain of 
the  s t a r  s e n s o r ,  the m e a s u r e m e n t s ,  as  r e c o r d e d  in Table  5. 5-4, a r e  
ana lyzed  t o  d e t e r m i n e  effect ive gain. S t a r  s e n s o r  gain is a funct ion of the  
photomul t ip l ie r  tube s c a l e  f a c t o r  which is cont ro l led  by the in tens i ty  of t he  
sunl ight  ac tua l ly  r e a c h i n g  the  tube through a sun  f i l t e r  in the  sun channel  
op t i c s .  
i n t ens i ty  i l lumina t ing  the sun channel.  
with a t r a n s m i s s i o n  f a c t o r  tha t  wi l l  a d m i t  m o r e ,  equal ,  o r  l e s s  than a unit 
sun  into the  s e n s o r .  Mis s ion  A was flown with a sun  f i l t e r  ca l cu la t ed  to  
i n c r e a s e  the  s e n s o r  gain s o  that  Canopus would respond as  1. 5 x Canopus.  
Ana lys i s  of infl ight m e a s u r e m e n t s  indicated the effect ive gain w a s  even 
g r e a t e r  than 1. 5 X Canopus.  Miss ion  B w a s  flown with a 1. 17 x Canopus  sun 
f i l t e r ,  and a n a l y s i s  of infl ight m e a s u r e m e n t s  indicated the  effect ive gain w a s  
s t i l l  g r e a t e r  than 1. 5 X Canopus ,  o r  28 p e r c e n t  l a r g e r  t han  expec ted .  
Miss ion  C w a s  flown with a 0. 80  X Canopus  sun f i l t e r ,  and a n a l y s i s  of 
in-f l ight  m e a s u r e m e n t s  ind ica ted  the e f fec t ive  gain w a s  in the  v ic in i ty  of 
1. 17 X Canopus  v e r s u s  a predic t ion  of 1. 02 X Canopus.  Miss ion  D was  
flown with a 0. 8 0  X Canopus  sun f i l t e r ,  and a n a l y s i s  of in-f l ight  m e a s u r e -  
m e n t s  indicated the  effect ive gain w a s  in the  v ic in i ty  of 1. 2 4  ii Canopus  
v e r s u s  a p red ic t ion  of 1. 1 7  X Canopus.  

All p ref l igh t  s t a r  s e n s o r  m e a s u r e m e n t s  a r e  made  with a unit sun 
F o r  f l ight ,  a fl ight f i l t e r  i s  ins ta l led  

Based  on the  p r i o r  m i s s i o n s ,  i t  w a s  decided to  in s t a l l  a 0. 8 X Canopus  
sun  f i l t e r  fo r  Miss ion  E which should r e s u l t  in  an  effect ive gain c l o s e  t o  the 
1. 17 X Canopus  and 1. 2 4  X Canopus  v a l u e s  d e t e r m i n e d  i n  M i s s i o n s  C and D. 
The  ac tua l  o b s e r v e d  peak  in tens i ty  of Canopus ,  in a n  a l m o s t  z e r o  r o l l  r a t e  
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. .  condition a l ter  acqi j is l t iGn,  i s  4. 74, v~!ts ccrr.pared to t h e  r\,/lission 
of 4. 6 8  v o l t s  and the  a v e r a g e  pref l igh t  1. 0 x C a n o p u s  m e a s u r e m e n t  of 3 .  54 
( i .  e . ,  t h i s  i s  t h e  m e a n  of 29  in tens i ty  m e a s u r e m e n t s  us ing  s e v e r a l  d i f f e r e n t  
s t a r  s i m u l a t o r s  r a n g i n g  f r o m  3. 2 4  to 3. 8 8 ) .  
G aiid E is excelleiit,  which p r ~ h S ! y  i ~ d i c z t e s  thzt the  n ~ . ~ e r a l l  g a i n s  a r e  
n e a r l y  the  s a m e .  H o w e v e r ,  t he  e f f ec t ive  gain of a p a r t i c u l a r  s t a r  s e n s o r  
is  def ined  as  the  r a t i o  of in - f l igh t  Canopus  in t ens i ty  m e a s u r e m e n t s  t o  p r e -  
f l i gh t  1. 0 X C a n o p u s  in t ens i ty  m e a s u r e m e n t s  and  wi l l  v a r y  f r o m  s e n s o r  to  
s e n s o r  s i n c e  d i f f e ren t  pho tomul t ip l i e r  t u b e s  wi l l  exhib i t  d i f f e ren t  g a i n s ,  as 
wi l l  d i f f e r e n t  e l e c t r o n i c  c i r c u i t r y  and d i f f e ren t  sun  c h a n n e l  o p t i c a l  pa ths .  
T h u s ,  t h e  e f f ec t ive  ga in  of s e n s o r  S / N  8 flown on  M i s s i o n  E is ca l cu la t ed  
t o  be 4. 7413. 54 or 1. 32  X Canopus ,  w h e r e a s  the  e f f ec t ive  gain of s e n s o r  
S / N  4 flown on M i s s i o n  E w a s  ca l cu la t ed  to  be 4. 6 8 1 3 .  77 o r  1. 24 x Canopus .  
T h e r e f o r e ,  i t  i s  concluded  t h a t  t h e  Miss ion  E s e n s o r  had l e s s  pho tomul t ip l i e r  
s e n s i t i v i t y  t h a n  t h e  M i s s i o n  D s e n s o r ,  but the  0. 8 A C a n o p u s  s u n  f i l t e r s  w e r e  
su f f i c i en t ly  d i f f e ren t  s u c h  t h a t  t he  in t ens i ty  m e a s u r e m e n t  of Canopus  w a s  
a c t u a l l y  h i g h e r  i n  M i s s i o n  E than  in M i s s i o n  D. 

va lue  

T h e  c o r r e c t i o n  be tween  M i s s i o n s  

M i s s i o n s  C ,  D,  and  E have  a l l  been  flown wi th  nomina l ly  t h e  same 
0 .  8 X C a n o p u s  s u n  c h a n n e l  f i l t e r  and h a v e  exhib i ted  ca l cu la t ed  e f f ec t ive  
g a i n s  of 1. 17 ,  1. 2 4 ,  and  1. 32 X Canopus .  T h e s e  d i f f e r e n c e s  a r e  a t t r i b u t e d  
t o  the  i n a c c u r a c i e s  i n h e r e n t  i n  p re f l igh t  s e n s o r  i n t e n s i t y  m e a s u r e m e n t s  and 
in sun  channe l  f i l t e r  t r a n s m i s s i o n  m e a s u r e m e n t s .  

As  noted in  F i g u r e  5. 5 -5 ,  the s t a r  i n t e n s i t y  s i g n a l  exh ib i t s  a high 
f r e q u e n c y  o s c i l l a t i o n  s u p e r i m p o s e d  on  the  b a s i c  r a m p - s h a p e d  s igna l .  T h e  
p e r i o d  of t h i s  o s c i l l a t i o n  i s  0. 1 s econd ,  and  i t s  a m p l i t u d e  i s  g r e a t e s t  a t  
a n g l e s m i d w a y b e t w e e n t h e  e d g e s  a n d  c e n t e r  of t h e  f ie ld  of view.  T h i s  0 .  1 -  
second  p e r i o d  c o r r e s p o n d s  t o  a f r e q u e n c y  of 10  H z  which  i s  t h e  f r e q u e n c y  of 
o s c i l l a t i o n  of t he  nodding m i r r o r  i n  t h e  s e n s o r  which  s w e e p s  the s t a r  i m a g e  
th rough  a n  ang le  of 4 d e g r e e s  e a c h  half c y c l e ,  o r  0. 0 5  second .  When a s t a r  
i m a g e  is  m i d w a y  be tween an  e d g e  and the  c e n t e r  of t he  f ie ld  of v i ew,  the  
nodding m i r r o r  i s  sweep ing  tha t  i m a g e  * 2 .  0 d e g r e e s  a c r o s s  the  e d g e  of t h e  
o p t i c a l  g a t e  o r  s lo t  in  t he  s t a r  s i g n a l s  o p t i c a l  path.  
p h o t o m u l t i p l i e r  tube  f o r  half  the  nodding m i r r o r ' s  p e r i o d  ( i .  e . ,  0. 0 5  s e c o n d )  
and  no  l ight  f a l l s  on the  tube  d u r i n g  the  o t h e r  ha l f  pe r iod .  
s i g n a l  is chopped ,  r e c t i f i e d ,  and f i l t e r e d  t o  b e c o m e  the  s t a r  i n t ens i ty  s i g n a l  
w h i c h  h a s  a 1 0 - H z  o s c i l l a t i o n  s u p e r i m p o s e d  on a dc  l e v e l  and  which  i s  
s a m p l e d  e v e r y  0. 05 second  in  m o d e  1 a t  4400 b i t s l s e c  by the  t e l e m e t r y  s y s -  
t e m .  T h e r e f o r e ,  t h e  combina t ion  of a s a m p l i n g  pe r iod  of 0. 05 s e c o n d  and 
a nodding m i r r o r  p e r i o d  of 0. 10 second r e s u l t s  in  a n  a l t e r n a t i n g  t e l e m e t r y  
s igna l . .  T h e  p e a k  magn i tude  of the  t e l e m e t e r e d  o s c i l l a t i o n  i s  dependen t  upon 
the  synchron iza t ion  be tween the  t e l e m e t r y  c l o c k  p rov id ing  i t s  0. 05 - second  
s a m p l e  t i m i n g  and  the  f l ight  c o n t r o l  s e n s o r  g r o u p ' s  f r e q u e n c y  s o u r c e  p o w e r -  
ing  t h e  nodding m i r r o r  a s s e m b l y  d r i v e  m o t o r .  S i n c e  t h e s e  a r e  independent  
t i m i n g  s o u r c e s ,  i t  is expec ted  t h a t  the  p h a s i n g  be tween  t h e m  wi l l  v a r y  wi th  
t ime and  t h u s  be d i f f e r e n t  at v a r i o u s  t i m e s  d u r i n g  t h e  m i s s i o n .  

T h u s ,  l ight  falls on  the  

T h e  r e s u l t a n t  

T h e  t h i r d  s e n s o r  output ,  Canopus  lockon,  i s  shown in F i g u r e  5. 5 - 4  
a s  p a r t  of d ig i t a l  w o r d  1 and  i s  l i s t ed  in T a b l e  5. 5 -4 .  
i n t e n s i t y  s i g n a l  is be tween  t h e  lockon t r i g g e r i n g  leve ls ,  t h e  lockon s i g n a l  i s  

S ince  the  e a r t h ' s  
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p r e s e n t  f o r  a n  ex tended  p e r i o d .  B a s e d  on t h e s e  o b s e r v a t i o n s ,  it  c a n  be s e e n  
t h a t  t h e  Canopus  lockon s i g n a l  p e r f o r m e d  a s  d e s i r e d .  

C anopu s Ac qui  s i t  ion  S e que  nc e 

S i n c e  Canopus  w a s  ident i f ied  d u r i n g  t h e  f i r  s t  r evo lu t ion  and  C a n o p u s  
lock  w a s  p r e s e n t  when C a n o p u s  w a s  in t h e  f ie ld  of v i ew,  i t  w a s  dec ided  t o  
send  the  sun  and s t a r  c o m m a n d  a f t e r  t he  e a r t h  had su f f i c i en t ly  c l e a r e d  t h e  
f ie ld  of view.  T h e  a u t o m a t i c  acqu i s i t i on  s e q u e n c e  could then  o c c u r .  

F i g u r e  5. 5-6 d e p i c t s  t he  r e s p o n s e  of the  s t a r  i n t ens i ty  s i g n a l  a f t e r  
r e c e i p t  of t he  Canopus  lockon s i g n a l  h a s  put  t h e  s p a c e c r a f t  in a c l o s e d - l o o p  
r o l l  e r r o r  con t ro l l ed  m o d e .  When lockon o c c u r s ,  t h e  s p a c e c r a f t  i s  r o l l i n g  
a t  to. 5 d e g / s e c ,  and  t h e  r o l l  e r r o r  s i g n a l  is i n c r e a s i n g  t o  a m a x i m u m  w h i c h  
c o m m a n d s  the  s p a c e c r a f t  t o  r o l l  pos i t i ve  t o  obta in  a nul led r o l l  e r r o r  s igna l .  
T h u s ,  t h e  pos i t ive  c o m m a n d  c a u s e s  t h e  p l u s  r o l l  r a t e  t o  i n c r e a s e ,  which  
r e s u l t s  in  a s t e e p e r  s lope  of the  s t a r  i n t e n s i t y  s i g n a l  and  a l o w e r  a m p l i t u d e  
p e a k  due  t o  the e f f ec t  of f i l t e r i n g  on  t h e  fas ter  changing  s igna l .  A s  the  s t a r  
i n t e n s i t y  s igna l  c r o s s e s  i t s  p e a k ,  t he  r o l l  e r r o r  s i g n a l  i s  going n e g a t i v e ,  
c a u s i n g  the  plus  r o l l  r a t e  t o  d e c r e a s e  to  z e r o  and  b e c o m e  nega t ive  t o  swing  
t h e  -X axis back  nega t ive  t o  a l i g n m e n t  wi th  Canopus .  A s  t h e  star i n t e n s i t y  
s i g n a l  c r o s s e s  i t s  v a l l e y ,  t he  r o l l  r a t e  i s  z e r o  and ,  a s  t h e  s t a r  i n t e n s i t y  
s i g n a l  c r o s s e s  t h e  next  p e a k ,  t h e  r o l l  e r r o r  s i g n a l  i s  going  p o s i t i v e ,  c a u s i n g  
t h e  nega t ive  roll r a t e  t o  i n c r e a s e  t o  z e r o  and  b e c o m e  pos i t i ve  t o  swing the  
-X axis b a c k  pos i t i ve  t o  a l i g n m e n t  with Canopus .  A f t e r  s e v e r a l  such  c y c l e s ,  
t he  s p a c e c r a f t  s e t t l e s  down to  a s low r o l l  o s c i l l a t i o n  which  c a u s e s  t h e  s t a r  
i n t e n s i t y  s igna l  t o  o s c i l l a t e  on e i t h e r  s i d e  of i t s  p e a k  a m p l i t u d e  wh i l e  t h e  
r o l l  e r r o r  s i g n a l  o s c i l l a t e s  above  and  below i t s  nu l l  pos i t ion .  
l a t ion  is bounded,  and  t h e  bounds  a r e  r e f e r r e d  t o  as  t h e  r o l l  o p t i c a l  l i m i t  
cyc le .  

T h i s  o s c i l -  

A s  noted in F i g u r e  5. 5 -6 ,  t h e  s t a r  i n t e n s i t y  p e a k  a m p l i t u d e s  i n c r e a s e  
as  t h e  l i m i t  cyc le  is  a p p r o c h e d  s i n c e  t h e r e  is l e s s  a t t enua t ion  d u e  t o  f i l t e r -  
i n g  a s  r o l l  r a t e  d e c r e a s e s  to  a l m o s t  z e r o .  

Conc lus ions  

T h e  Canopus  s e n s o r  p e r f o r m e d  as  d e s i g n e d  wi thout  ma l func t ion .  T h e  
s t a r  i n t ens i ty  s i g n a l ,  with C a n o p u s  in  the  f ie ld  of view,  w a s  h i g h e r  t h a n  the  
n o m i n a l  p r e d i c t e d ,  but within t h e  a c c u r a c y  of t he  p r e f l i g h t  m e a s u r e m e n t s .  
T h e  a u t o m a t i c  s t a r  a c q u i s i t i o n  capab i l i t y  w a s  s u c c e s s f u l l y  u t i l i zed .  

5. 5. 4. 5 C o a s t  P h a s e  

G a s  J e t  T h r u s t  L e v e l  

R e f e r e n c e  2 deve loped  t h e  fol lowing e x p r e s s i o n  f o r  t he  g a s  j e t  t h r u s t  
l e v e l ,  T :  
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where 

I =  z 

cFc = 

R =  

t =  
P 

2 roll  inertia = 21 1 slug -ft 

commanded precession r a t e  = 0. 5 deg / sec  

gas je t  moment a r m  = 6. 47 feet 

thrusting t ime of the gas  jet f rom initiation of precession c o m -  
mand to point at  which = o  

gyro 

Using the premidcourse roll  maneuver data (F igure  5. 5-7) ,  the t ime 
from command initiation until @gyro = 0 was 6.  0 seconds. 
gas jet amplifier i s  off 1. 3 seconds of this t ime (Reference 3) ,  tp  = 6. 0 
seconds - 1 . 3  seconds = 4 . 7  seconds. 

Since the No.  1 

2 (211 slug-ft ) ( 0 . 5  deg / sec )  = o, 061 pound T =  ( 6 . 4 7  feet) (4. 7 seconds)  

Section 1 3  of Reference 4 shows that the thrust  levels for  a l l  six je t s  
during tes t  were  within 3. 5 percent of each other.  On this basis ,  i t  can be 
assumed that the nominal thrust  level for the s ix  gas  je t s  was 0.061 pound. 

Nitrogen Consumption 

was 
mea S 

Nitrogen consumption for  the period f rom launch to p r e r e t r o  maneuvers  
1. 0 pound. This number compares  favorably with predicted usage when 
,urement  uncertainties and postgyro drift  lockon t ransients  a r e  taken into 

account. 
information telemetered on flight control signals F C - 4  and F C - 4 8 .  

Mission nitrogen usage was obtained f rom p r e s s u r e  and tempera ture  

The predicted nitrogen usage for  each maneuver was determined from 
the simulation defined in Reference 5; a detailed breakdown of the predicted 
impulse and weight expenditures is documented in Reference 6 .  

F o r  the number and sequence of Mission E maneuvers,  Attachment 1 
of Reference 6 yields the following nominal impulse consumption budget: 

lb-sec 

Leakage 

Vernier phase of midcourse maneuvers 

Limit cycle operation 

Sun acquisition 
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Ine r t i a l  r o l l  m a n e u v e r s  ( 4 )  

lb- s e c  

6. 0 

S t a r  ve r i f  icat ion 

S t a r  acquis i t ion 

I n e r t i a l  yaw m a n e u v e r s  ( 6 )  

R a t e  d iss ipa t ion  

P o s t m i d c o u r s e  r a t e  d i s s ipa t ions  ( 6 )  

1. 50 

1. 40 

7. 50 

2. 75 

6. 00 

T o t a l  47. 30 

A s s u m i n g  a n  a v e r a g e  Isp of 60  seconds  y i e lds  a nomina l  n i t rogen  u s a g e  
p r i o r  to  the p r e r e t r o  m a n e u v e r s  of a p p r o x i m a t e l y  0. 79 pound. R e f e r e n c e  6 
a l s o  p r e d i c t s  a 3 0  u s a g e  unce r t a in ty  of 0. 52 pound f o r  t h i s  p a r t i c u l a r  m i s -  
sion prof i le .  
engine f i r i ng  shutdown t r a n s i e n t s  accoun t s  f o r  0. 48 pound of t h i s  total .  

The  unce r t a in ty  a s s o c i a t e d  with the  g a s  u s a g e  du r ing  the  p o s t -  

The  fuel consumpt ion  due  t o  the  p o s t - g y r o  d r i f t  check  lockon t r a n -  
s i e n t s  w a s  de t e rmined  by us ing  the f ina l  angu la r  a t t i tude  pos i t ions  of e a c h  
d r i f t  check  a s  in i t ia l  condi t ions to  the  s imula t ion  documented  in R e f e r e n c e  7 
with the  following r e s u l t s :  

1 )  The a v e r a g e  i m p u l s e  expend i tu re  f o r  a p o s t - t h r e e - a x i s  d r i f t  
t r a n s i e n t  w a s  0. 90 Ib - sec .  

2 )  The a v e r a g e  i m p u l s e  .expendi ture  f o r  a pos t  - r o l l - a x i s  -only d r i f t  
t r a n s i e n t  w a s  0. 55 lb - sec .  

So t h e r e  i s  a n  i n c r e a s e  in the  n i t rogen  consumpt ion  p red ic t ion  of 

T h e  net  pred ic t ion  would be 

(0. 79 t 0. 16)  f 0. 52 = 0 . 9 5  pound f 0. 52 pound 

5. 5 . 4 . 6  P r e m i d c o u r  s e  Att i tude M a n e u v e r s  

Prior to five of the  six v e r n i e r  eng ine  b u r n s ,  the  s p a c e c r a f t  t h r u s t  
axis w a s  o r i en ted  a w a y  f r o m  the  sunl ine.  
w a s  accompl i shed  with the  t h r u s t  axis ( r o l l  axis)  al igned to the  sunl ine.  T h e  
r o l l  a t t i tude  con t ro l  s y s t e m  w a s  in the  i n e r t i a l  mode  f r o m  the  t i m e  of the  
in i t ia l  p r e m i d c o u r  s e  r o l l  m a n e u v e r  un t i l  j u s t  p r i o r  to the  four th  engine  bu rn ,  
a to t a l  of approx ima te ly  2. 5 h o u r s .  A s u m m a r y  of the  a t t i tude  m a n e u v e r s  is  
p r e s e n t e d  in Table  5. 5-5. 

T h e  r e m a i n i n g  engine  burn  (NO.  2 )  

T h e  t e l e m e t e r e d  r o l l  and yaw g y r o  e r r o r  s i g n a l s  

5 . 5 - 3 4  
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and 467 BCD a t  the  f in i sh  f o r  a t o t a l  ro t a t ion  of a p p r o x i m a t e l y  360. 1 d e g r e e s .  
No c o r r e c t i o n  w a s  m a d e  fo r  g y r o  d r i f t .  
m a n e u v e r s  a r e  as  fol lows:  

T h e  s t a r t  and s top  t i m e s  f o r  the  two 

360.727 seconds  I S t a r t  t 1 7 9 . 9  d e g r e e s  yaw 18:12:19. 311 GMT 

s t o p  18:18:20. 038 GMT 

360. 284 seconds  Ill ' 

111 721. 011 seconds  

S t a r t  t 180 .  1 d e g r e e s  yaw 18:22:55. 667 GMT 

s t o p  18:28:55. 951  GMT 

T o t a l  

The  a v e r a g e  posi t ive yaw p r e c e s s i o n  r a t e  w a s  then computed t o  be 360. 1 / 7 2 1  
or t 0.4994 d e g l  sec .  

Atti tude Maneuver  Error  

R e f e r e n c e  8 develops  two or thogonal  equat ions  tha t  spec i fy  the  space  - 
c r a f t  t h r u s t  a x i s  pointing e r r o r  dur ing  m i d c o u r s e  th rus t ing .  
w e r e  de r ived  f o r  the  ro l l -yaw ro ta t ion  sequence  which app l i e s  to  the  
Surveyor  V mis s ion .  

The  equa t ions  

Neglect ing e r r o r  s o u r c e s  tha t  a r e  p r e s e n t  only a f t e r  engine ignit ion: 

E r ro r  about  yaw 

E r r o r  about  p i t ch  

w h e r e  

axis = - $  t - $  c o s  '9 - s i n  Y 
RE *E 

s i n  cp t 8 cos  $ cos  cp 
AE 

axis = q ( *E 

sin cp c o s  $ 
- JIAE 

(p,  0 ,  4 )  = s p a c e c r a f t  i n e r t i a l  r e f e r e n c e  a l ignmen t  e r r o r s  
AE 

( 4 ,  q)  = ro t a t ion  e r r o r s  
RE 

Use  of t he  a p p r o p r i a t e  m a n e u v e r  magn i tudes  for cp and $ ,  and the  
e r r o r s  l i s t e d  in the s u m m a r y  c h a r t  r e s u l t e d  in t h e  to t a l  a t t i tude  e r ro r s  
indica ted  in Table  5. 5-6. 
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5. 5. 4. 7 P o s t m i d c o u r s e  At t i tude  M a n e u v e r s  

T h e  p o s t m i d c o u r s e  a t t i t ude  m a n e u v e r s  a r e  u s e d  to r e a l i g n  the  s p a c e -  
c r a f t  to t h e  ce!estia! r e f e r e n c e  a f t e r  p e r f o r m i n g  a m i d c o u r s e  ve loc i ty  c o r -  
r e c t i o n .  T o  a c c o m p l i s h  t h i s ,  two r e a c q u i s i t i o n  s c h e m e s  ar-e avai!ah!e. One 
m e t h o d  i s  t o  p e r f o r m  t h e  p r e m i d c o u r s e  a t t i t ude  rmaneuvers  in  r e v e r s e ,  and  
t h e  o t h e r  i s  t o  p e r f o r m  a n o t h e r  a u t o m a t i c  sun  a c q u i s i t i o n  sequence .  
f i r s t  m e t h o d  is m o r e  d e s i r a b l e  s ince  r e a l - t i m e  m o n i t o r i n g  of o p t i c a l  s e n s o r  
s i g n a l s  p r o v i d e s  a good indica t ion  of p r e m i d c o u r s e  m a n e u v e r  a c c u r a c y  a n d  
a t t i t u d e  c o n t r o l  d u r i n g  the  t h r u s t  pe r iod .  If r e a c q u i s i t i o n  of t he  sun  and  
C a n o p u s  i s  not a c h i e v e d  t o  within a fair d e g r e e  of a c c u r a c y ,  one  o r  m o r e  of 
t h e  fo l lowing  cond i t ions  m u s t  h a v e  ex is ted :  

T h e  

1 )  N o n s y m m e t r i c a l  p r e c e s s i o n  c o m i n a n d s  

2 )  S p a c e c r a f t  a t t i t ude  change  o c c u r r e d  be tween  m a n e u v e r  p e r i o d s  

3 )  P r e m i d c o u r s e  m a n e u v e r s  w e r e  not  a c c u r a t e  

4) P o s t m i d c o u r s e  m a n e u v e r s  w e r e  not a c c u r a t e  

5 )  V e r n i e r  eng ine  shutoff t r a n s i e n t s  e x c e s s i v e  

T h e  f i r s t  m e t h o d  w a s  chosen  f o r  t h e  S u r v e y o r  V m i s s i o n ,  and  t h e  
celestial  r e f e r e n c e  w a s  s u c c e s s f u l l y  r e a c q u i r e d  a f t e r  e a c h  eng ine  bu rn .  
H o w e v e r ,  t he  s p a c e c r a f t  w a s  not a l igned t o  C a n o p u s  d u r i n g  b u r n s  2 and 3.  

5. 5. 4. 8 M i d c o u r s e  Veloc i ty  C o r r e c t i o n  

Of t h e  s i x  v e r n i e r  eng ine  b u r n s ,  on ly  t h e  f i r s t  and s ix th  w e r e  b a s e d  
o n  t r a c k i n g  da ta .  
t he  h e l i u m  p r e s s u r e  r e g u l a t o r  va lve ,  wh i l e  b u r n  4 w a s  c a r r i e d  out  t o  r e d u c e  
fue l  we igh t ,  r e s e a t  t h e  he l ium va lve ,  and  r e t u r n  t o  the  o r i g i n a l  landing  s i t e .  
T h e  f i f th  b u r n  w a s  p e r f o r m e d  t o  r e d u c e  f u e l  weight  and  to i n c r e a s e  t h e  
a m o u n t  of g a s  in the  p r o p e l l a n t  t anks .  

B u r n s  2 and  3 w e r e  p e r f o r m e d  in a n  a t t e m p t  to  r e s e a t  

F r o m  o r b i t  d e t e r m i n a t i o n ,  t h e  a c t u a l  m a g n i t u d e  of t h e  v e l o c i t y  
c h a n g e  d u e  t o  v e r n i e r  eng ine  b u r n  6 w a s  e s t i m a t e d  to be 5 .3192 m/sec  c o m -  
p a r e d  to t h e  c o m m a n d e d  va lue  of 5.4336 m/sec f o r  a AV e x e c u t i o n  e r r o r  of 
-0 .1144  m/sec.  

P l o t s  of f l igh t  c o n t r o l  v a r i a b l e s  d u r i n g  the  s i x  eng ine  b u r n s  a r e  
shown in  F i g u r e s  5. 5 - 1 0  and  5. 5-11. 

Eng ine  Igni t ion C h a r a c t e r i s t i c s  

F o r  e a c h  of t he  s ix  b u r n s ,  v e r n i e r  ign i t ion  w a s  s m o o t h  and  fol lowed 
by a n o m i n a l ,  unevent fu l  t h r u s t i n g  p h a s e .  A s u m m a r y  of t h e  p i t ch ,  yaw,  
and r o l l  g y r o  e r r o r s  is inc luded  in T a b l e  5. 5-7.  

5 . 5 - 4 3  



a, 

a 

T3 
a, 

u 
a, a 

c, 

; 

N 

3 * rd 

c u 
c, .+ 
PI 

rr) In 
N * * N r- 0 
N 0 0 rr) 0 * 

0 rr) N rr) In 
4 N 4 rr) 

+ * I  I 
4 

. . .  
0 rr) N O 0  rr) In 
4 N 4 rr) 

4 
4 

9 In * r- r- N m rr) 

0 co 03 r- N r- 
N 4 4 4 4 4 

N N N N N N 

In * m N * 
D co m co 
9 9 9 9 

r- 0 

9 Q 
F od 

9 
rc) 4 00 

v rr) vi N 
I' r- r- r- 

* 
N 0 

N rr, 
r- r- 

In In * * 
I' r- r- I' 
I' d \d 9 

9 
N 

rr) s' 
r- r- 

03 co * 0 
oc, 00 co 0 

0- 0 0 0 
I I I I 

N 
0 co 
4 0 

I I 

co Ln m 0 
0 N 4 N 

+ + + + 0 0 0 0 

N 00 
N 4 

0 0 + I 

* 
N 

rr) In 
4 0 

0 0 0 0 
I I I 

In 
0 4 

+ + 0 0 

4 N m v Ln 9 

5.5-44 

~ 



1 
t 
E 
t 

F i g u r e  5. 5-10. F l i g h t  Con t ro l  V a r i a b l e s - B u r n s  1, 2, a n d  3 
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Figure  5. 5-11. Fl ight  Control Variables-Burns 4, 5, and 6 

5.5-47 





B a s e d  on tne a c c e i e r a t l o n  e r r o r  t e l e m e t r y  s i g n a l  (E‘C - 1 5 )  ( F i g u r e s  
5. 5 -10  and  5. 5 -11) ,  it w a s  concluded t h a t  a l l  t h r e e  e n g i n e s  w e r e  p roduc ing  
c o n t r o l l e d  t h r u s t  within about  0. 150 second  of t he  igni t ion c o m m a n d  s i g n a l  
f o r  all six b u r n s .  T h e r e f o r e ,  a c c e l e r a t i o n  s i g n a l  a m p l i f i e r  s a t u r a t i o n ,  which  
r e q u i r e s  a s t a r t u p  d e i a y  of 0 . 2 6  second,  did not  o c c u r ,  and no AV e r r o r  
i n f o r m a t i o n  w a s  lo s t .  

V e r n i e r  Eng ine  Shutdown D i s p e r s i o n s  

A s u m m a r y  of t h e  peak  s p a c e c r a f t  a n g l e s  and a n g u l a r  r a t e s  and  c o m -  
puted  v e r n i e r  eng ine  shutdown i m p u l s e  d i s p e r s i o n s  f o r  e a c h  of the  b u r n s  is 
g iven  in T a b l e  5. 5-8.  

I t  should be noted  tha t  peak  g y r o  a n g l e s  w e r e  l e s s  than  3 d e g r e e s  and  
I n e r t i a l  r e f e r e n c e  w a s  w e l l  within the  r e q u i r e d  t r a v e l  r ange  of *10 d e g r e e s .  

t h e r e f o r e  r e t a i n e d ,  and  r eacqu i s i t i on  of t he  sun and C a n o p u s  w a s  a c c o m p l i s h e d  
v i a  t h e  r e v e r s e  m a n e u v e r  sequence .  

V e r n i e r  eng ine  shutdown i m p u l s e  d i s p e r s i o n s  ( r e l a t i v e  to m e a n  
i m p u l s e  of t he  t h r e e  e n g i n e s ) ,  ca l cu la t ed  f r o m  p i t ch  and  yaw a n g u l a r  r a t e  
d a t a  as p e r  t he  p r o c e d u r e  out l ined in the  I ’Midcourse  E n g i n e  S t a r t u p  
C h a r a c t e r i s t i c s ,  w e r e  w e l l  within t h e  spec i f i ca t ion  l i m i t  of *O. 63 l b - s e c  
( R e f e r e n c e  10 )  e x c e p t  f o r  bu rn  5 which a p p a r e n t l y  p r o d u c e d  a shutdown 
i m p u l s e  d i s p e r s i o n  of SO. 65  Ib-sec .  

Midcour  se Ve loc i ty  D e t e r m i n a t i o n  

T h e  g e n e r a l  concept  of m i d c o u r  se c o r r e c t i o n  capab i l i t y  employed  by 
S u r v e y o r  i s  t o - a p p l y  a cons t an t  a c c e l e r a t i o n  f o r  a f in i te  p e r i o d  of t i m e .  T h u s ,  
in  t h e o r y ,  o n c e  the  m a g n i t u d e  of the ve loc i ty  c o r r e c t i o n  i s  known,  the  e x a c t  
d u r a t i o n  of t he  c o n s t a n t  a c c e l e r a t i o n  p h a s e  c a n  be  d e t e r m i n e d .  In p r a c t i c e ,  
t h i s  a p p r o a c h  is  s l i gh t ly  a l t e r e d  to  accoun t  f o r  such  e r r o r  s o u r c e s  as  eng ine  
ign i t ion  t r a n s i e n t s ,  shutdown i m p u l s e ,  and  h y s t e r e s i s .  T h u s ,  t h e  a c t u a l  
c o m m a E d  t i m e  AT is s l igh t ly  h igher .  

D u r a t i o n  of B u r n  T i m e s  

T h e  a c c e l e r a t i o n  e r r o r  s igna l  d a t a  w e r e  u s e d  in a n  a t t e m p t  t o  d e t e r -  
T h e  r e s u l t s  a r e  p r e s e n t e d  in  

T h e  g r a p h i c a l  technique  used  t o  d e t e r m i n e  eng ine  igni t ion and  
m i n e  the  a c t u a l  b u r n  t i m e s  f o r  a l l  the  f i r i n g s .  
T a b l e  5. 5-7. 
shutdown t i m e s  f o r  b u r n  1 i s  shown in F i g u r e  5. 5-12 .  

E s t i m a t e  of AV 

T h e  output  of t he  a c c e l e r a t i o n  a m p l i f i e r  ( F C  -15)  r e m a i n e d  e s s e n t i a l l y  
c o n s t a n t  d u r i n g  e a c h  of the  six burn p e r i o d s  a t  v a l u e s  ind ica t ed  in  T a b l e  
5. 5 -9 ,  a long  wi th  the  e s t i m a t e d  values of AV. 

A l i s t  of p a r a m e t e r s  a f fec t ing  the  a c c u r a c y  of t he  v e l o c i t y  c o r r e c t i o n  
i s  p r e s e n t e d  in T a b l e  5. 5-10 along with the  v a l u e s  of m a x i m u m  a l lowab le  
e r r o r s .  Ac tua l  p e r f o r m a n c e  va lues  w e r e  u s e d  w h e r e v e r  p o s s i b l e .  
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T A B L E  5.5-9.  SUMMARY O F  ACHIEVED VELOCITY CORRECTION 
MAGNITUDES 

AT , 
s e c o n d s  

14. 22 

10. 04  

23. 04 

12. 32 
0. 5 
0. 5 

33. 073 

5 .405  

I 

A V = F C - 1 5  X A T ,  f p s  

4 5 . 6 0  

32. 09 

73. 96 

42. 7 4  
1. 6 
1. 6 

106. 06 

17. 3 4 ( 1 7 .  4 5 d e s i r e d )  

Ac c e l e  r a t  ion  A m  pl i  f i e r 
N u m b e r  Output ,  F C - 1 5 ,  f t / s e c Z  Burn I 

5 

6 

3. 207 

3. 209 

3 . 2 1 0  

3. 209 

3. 207 

3. 209 

T e  l e m e t e r  e d  T h r u s t  L e v e l s  

T h e  v e r n i e r  engine  t h r u s t  l e v e l s  w e r e  d e t e r m i n e d  f r o m  v e r n i e r  
eng ine  t h r u s t  c o m m a n d  c a l i b r a t i o n  d a t a  which  w e r e  ob ta ined  u s i n g  the  
i m p r o v e d  ca l ib ra t ion  t echn iques .  

T h e  a p p r o x i m a t e  s t e a d y - s t a t e  v e r n i e r  eng ine  t h r u s t  l e v e l s  a r e  
ind ica t ed  in Tab le  5. 5-7.  

5. 5. 4. 9 P r e r e t r o  M a n e u v e r s  

B e f o r e  r e t r o  ign i t ion ,  i t  is r e q u i r e d  tha t  the  s p a c e c r a f t  t h r u s t  axis 
( r o l l  a x i s )  be a l igned  t o  t h e  t r a n s l a t i o n a l  v e l o c i t y  v e c t o r  of t h e  s p a c e c r a f t  a s  
p a r t  of t h e  g rav i ty  t u r n  t e r m i n a l  d e s c e n t  p h a s e  gu idance .  
p e r f o r m e d  by m e a n s  of two  s e q u e n t i a l  r o t a t i o n s  abou t  t h e  s p a c e c r a f t  body 
( g y r o )  a x e s .  
p l a n a r  a r r a y  with t h e  s p a c e c r a f t - e a r t h  l i ne  t o  s e c u r e  a f a v o r a b l e  o m n i -  
d i r e c t i o n a l  an tenna  p a t t e r n  o r  t o  s a t i s f y  a RADVS s ide lobe  c o n s t r a i n t  
( R e f e r e n c e  12). 

T h e  a l i g n m e n t  is 

A t h i r d  r o l l  r o t a t i o n  m a y  be r e q u i r e d  t o  a l ign  t h e  h igh -ga in  

T h e s e  m a n e u v e r s  a r e  a c c o m p l i s h e d  by u s i n g  the  cold g a s  a t t i t ude  
c o n t r o l  s y s t e m ,  wi th  t h e  body-f ixed  i n t e g r a t i n g  r a t e  g y r o s  as  i n e r t i a l  
r e f e r e n c e s .  
i s  d r i v e n  by a c o n s t a n t  c u r r e n t  s o u r c e  f o r  a p r e c i s e  length  of t i m e ;  t he  
s p a c e c r a f t  i s  s l a v e d  t o  t h i s  changing  r e f e r e n c e  a t  a c o n s t a n t  r a t e  of 0. 5 
d e g /  sec. 

T o  a c c o m p l i s h  a r o t a t i o n ,  t h e  a p p r o p r i a t e  g y r o  t o r q u e r  winding 

T h e  m a j o r  e v e n t s  and  t i m e s  a s s o c i a t e d  wi th  the  p o s i t i v e  roll  and  
p o s i t i v e  yaw p r e r e t r o  m a n e u v e r  combina t ion  s e l e c t e d  f o r  S u r v e y o r  V a re  
g iven  in Tab le  5. 5-11. 
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TABLE 5.5-11. MAJOR EVENTS AND TIMES (DAY 254)  
FOR P R E R E T R O  MANEUVERS 

I r 
Event  C o m m a n d  

Begin (t) r o l l  

End r o l l  

Begin (t) yaw 

End yaw 

07 13 

I I R e t r o  ignit ion 

GMT,  h r : m i n :  s e c  

00:12; 17. 810 

00:14:45. 617 

00: 16:23. 005  

00:20:22. 050 

00:44:52. 533 

T h e  p r e r e t r o  m a n e u v e r s  w e r e  ana lyzed  in  t e r m s  of t he  following: 

1 )  The  gyro  p r e c e s s i o n  t i m e s  w e r e  d e t e r m i n e d  f r o m  g y r o  e r r o r  
s igna ls  and p r e c e s s i o n  logic  s igna l s  and c o m p a r e d  to  
commanded t i m e s .  

2 )  Using t h e s e  a t t i tude  e r r o r s  and the  in i t i a l  sun and Canopus  e r r o r  
s igna l s ,  the  pre igni t ion  t e r m i n a l  pointing a c c u r a c y  w a s  
d ete r mined.  

T h e  f i r s t  a t t i tude  m a n e u v e r  ( r o l l )  w a s  in i t ia ted  32 m i n u t e s  and 34. 7 seconds  
b e f o r e  r e t r o  ignition. T h e  l ' e a r l i e s t l '  t i m e  c o n s t r a i n t  on b r e a k  of op t i ca l  
lock is 33  m i n u t e s  based  on an  al lowable 1 d e g / h r  g y r o  d r i f t  cont r ibu t ion  to  
t h e  pointing e r r o r .  T h e r e  i s  a l s o  a 23-minute  c o n s t r a i n t  based  on Canopus  
s e n s o r  n o i s e  due to poss ib l e  luna r  r e f l ec t ions  ( R e f e r e n c e  1). 

A s  in the c a s e  of the  p r e m i d c o u r s e  a t t i tude  m a n e u v e r s ,  a n  a t t e m p t  
w a s  m a d e  t o  ini t ia te  the  m a n e u v e r s  a t  the  l i m i t  cyc le  nul l  points .  T h e  roll  
m a n e u v e r  w a s  ini t ia ted within a p p r o x i m a t e l y  to. 13 d e g r e e  of nu l l  while t h e  
p i tch  and yaw op t i ca l  e r r o r s  a t  the  s t a r t  of yaw w e r e  to. 15 and to. 07 d e g r e e ,  
r e s p e c t i v e l y  ( F i g u r e  5. 5-13) .  

G y r o  P r e c e  s sion T i m e s  

The  at t i tude m a n e u v e r s  e n t e r e d  into t h e  fl ight c o n t r o l  p r o g r a m m e r  
magni tude  r e g i s t e r  w e r e  a s  fol lows:  

Maneuver  s D e g r e e s  B i t s  

t Roll  7 3 . 9  370 

t Yaw 119. 5 5 98 

Tab le  5. 5-12 p r e s e n t s  the  e s t i m a t e d  gyro  p r e c e s s i o n  t i m e s .  
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Figure  5. 5-13. P r e r e t r o  Maneuver E r ro r s  

FC-5, FC-6,  and FC-12 
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T A B L E  5. 5-12.  ESTIMATED GYRO PRECESSION TIMES 

C o m m a n d e d  O b s e r v e d  
At t i tude  T i m e ,  T i m e ,  

M a n e u v e r  s e c o n d s  s e c o n d s  

147 .807  Ro l l  147 .8  

Yaw 239. 0 239. 045 

Ro ta t ion  E r r o r ,  
AT, s e c o n d s  d e g r e e s  

to. 007 

to. 045 

A q  = to. 0035 

A $  = to. 0225 

I 
I 
I 
B 
I 
I 

S i n c e  the g y r o  e r r o r  s i g n a l s  a r e  only  s a m p l e d  o n c e  e v e r y  1 . 2  s e c o n d s  
( c o a s t  m o d e  a t  1100 b i t s / s e c )  d u r i n g  t h e  p r e r e t r o  m a n e u v e r s ,  i t  w a s  a s s u m e d  
tha t  the s h a p e s  of r o l l  and  yaw g y r o  t r a n s i e n t s  w e r e  the  s a m e  as  t h o s e  
o b s e r v e d  du r ing  the  p r e m i d c o u r s e  a t t i t ude  m a n e u v e r s  when t h e  g y r o  e r r o r  
s i g n a l s  w e r e  s a m p l e d  o n c e  e v e r y  0 . 0 5  second .  
t hen  e s t i m a t e d  g r a p h i c a l l y  b a s e d  upon the  i n t e r s e c t i o n  po in t s  of t he  s t a r t  
and  s t o p  t r a n s i e n t s  wi th  the  s t e a d y - s t a t e  g y r o  e r r o r  v a l u e s  ( F i g u r e  5. 5 -14) .  

T h e  p r e c e s s i o n  t i m e s  w e r e  

G y r o  Dr i f t  M e a s u r e m e n t s  

Nine t h r e e - a x i s  g y r o  d r i f t  c h e c k s  w e r e  m a d e  d u r i n g  t h e  m i s s i o n ,  two 
of t h e m  p r i o r  to  the  m i d c o u r s e  ve loc i ty  c o r r e c t i o n .  T h r e e  r o l l - a x i s - o n l y  
d r i f t  c h e c k s  w e r e  a l s o  m a d e ,  one  of t h e m  p r i o r  t o  t h e  m i d c o u r s e  ve loc i ty  
c o r r e c t i o n .  A s u m m a r y  of g y r o  d r i f t  m e a s u r e m e n t  is  p r e s e n t e d  in  T a b l e  
5. 5-13. T w o  t e c h n i q u e s  w e r e  used  t o  m e a s u r e  t h e  d r i f t  r a t e s .  T h e  f i r s t  
w a s  based  on a v e r a g e  s l o p e s  of the op t i ca l  e r r o r  s i g n a l s  ob ta ined  f r o m  
ana log  B r u s h  r e c o r d e r  p lo ts .  In t h e  s e c o n d  t echn ique ,  i t e r a t e d  c a l c u l a t i o n s  
w e r e  m a d e  us ing  the  p r o c e s s  d e s c r i b e d  in R e f e r e n c e  13. 

T h e  p r e t e r m i n a l  a t t i t ude  m a n e u v e r s  w e r e  c o m p e n s a t e d  f o r  t h e  
fol lowing g y r o  d r i f t  r a t e s :  

R o l l  = to. 8 5  d e g / h r  

P i t c h  = to. 60  d e g / h r  

Yaw = - 0 . 6 0  d e g l h r  

T h e  g y r o  d r i f t  v a l u e s  s e l e c t e d  f o r  p r e t e r m i n a l  m a n e u v e r  c o m p e n s a t i o n  w e r e  
b a s e d  e s s e n t i a l l y  upon a n  a v e r a g e  of all m e a s u r e m e n t s  m a d e  d u r i n g  t h e  
m i s s i o n .  
N o  p r e d i c t a b l e  t r e n d  is a p p a r e n t .  

The  f ixed  d r i f t  h i s t o r y  of e a c h  g y r o  i s  shown in F i g u r e  5. 5-15. 

P r e r e t r o  Po in t ing  E r r o r  

T h e  t echn ique  d e s c r i b e d  in p a r a g r a p h  5. 5 . 4 . 6  w a s  used  t o  d e t e r m i n e  
t h e  p r e r e t r o  point ing e r r o r  of 0 . 4 3  d e g r e e  w i t h  a 0 . 2 2  d e g r e e  30- u n c e r t a i n t y ,  
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TABLE 5 . 5 - 1 3 .  SURVEYOR V GYRO DRIFT SUMMARY 

Pitch,  
d e g / h r  i Roll, d e g / h r  

25 2 

253 

Yaw, deg / h r  
Time,  
h r : m i n  

0.83 

#1 15:46 
18:16 

Three-axis 

0. 6 0. 63 

#2 18:34 
20:16 

T h r  e e-axi s 

#3 21:43 
23:40 

Roll  only 

# 4  09:08 
09:57 

#5 11:39 
13:15 

Three-axis 

#6 13:17 
15:08 

Roll  only 

#7 15:lO 
17:18 

T h r  e e-axi s 

# S  17:60 
20:lO 

Three-axis  

#9 20:59 
21:48 

Three-axi s 

#IO 01:35 
04:33 

Three-axis  

#11 13:05 
15:24 

Roll  only 
#12 15:27 

17: 59 

Three-axi  s 

i i 

t o .  97 
1 . 2 5 ::: 

-0.63 
-0.72::: 

t1 .085 I t0 .694 I -0.65 

Terminated  e a r l y  f o r  a lpha sca t te r -  
ing exp. (data not reduced)  

0. 82  0.46 
263 202 172 

0.91 
to .  914 

0. 99 
to. 85::; 

to .  94 
to.  99::; 4-0. 78::: 

-0.58 
-0.735::: 

0. 80 

0.9  0. 5 -0.62 

:::Bulk p r i n t e r  data  
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5. 5. 4. i 0  Main  R e t r o  P h a s e  

Main  r e t r o  p h a s e  began  at  d a y  254, 00:44:39. 119 GMT wi th  the  

At t h e  s t a r t  of the RADVS-cont ro l led  
ind ica t ion  of a l t i t ude  m a r k i n g  r a d a r  m a r k  and ended  a t  00:45:40. 000 GMT 
with v e r i f i c a t i o n  of r e t r o  e j ec t .  
d e s c e n t  p h a s e  (00:45:42.  442 G M T ) ,  t h e  longi tudina l  ve loc i ty  had  been  
r e d u c e d  to a p p r o x i m a t e l y  66. 5 fps  a t  a s l a n t  r a n g e  of 5750 f e e t .  

D u r i n g  t h i s  p h a s e ,  t he  funct ion of t he  f l igh t  c o n t r o l  s y s t e m  is t o  
m a i n t a i n  t h e  a t t i t ude  of t h e  s p a c e c r a f t  i n e r t i a l l y  f ixed and  t o  p r o v i d e  and  
e x e c u t e  a f ixed  s e q u e n c e  of c o m m a n d s  t o  e s t a b l i s h  the  n e c e s s a r y  i n i t i a l  
c o n d i t i o n s  f o r  t he  v e r n i e r  d e s c e n t  p h a s e .  
t h a t  t h e s e  func t ions  w e r e  p e r f o r m e d  s a t i s f a c t o r i l y .  

T h e  fol lowing a n a l y s i s  reveals 

A l i s t  of r e t r o  p h a s e  events  a n d  t h e i r  c o r r e s p o n d i n g  t i m e  of o c c u r -  
r e n c e  is  g iven  i n  T a b l e  5. 5 -14  along with expec ted  t i m e  i n t e r v a l s .  
r e s u l t s  c o n f i r m  the  p e r f o r m a n c e  of t h e  magn i tude  r e g i s t e r  and  p r o g r a m m e r .  

T h e s e  

A s p e c i a l  s e q u e n c e  of taped e m e r g e n c y  c o m m a n d s  w a s  t r a n s m i t t e d  
d u r i n g  the  m a i n  r e t r o  b u r n  p h a s e  in o r d e r  t o  p r o v i d e  e a r l y  in i t i a t ion  of r e t r o  
c a s e  s e p a r a t i o n ,  high t h r u s t ,  and  the  s t a r t  of RADVS -con t ro l l ed  d e s c e n t .  A 
c o m p a r i s o n  of the  n o r m a l  t i m i n g  of t h e s e  e v e n t s  and  the  t i m i n g  which  r e s u l t e d  
f r o m  t h e  e m e r g e n c y  c o m m a n d s  i s  shown in T a b l e  5. 5-15. 

O b s e r v a t i o n  of t e l e m e t r y  s igna l  F C  -64 c o n f i r m e d  tha t  t h e  a l t i t ude  
m a r k i n g  r a d a r  mark o c c u r r e d  p r i o r  to  e m e r g e n c y  a l t i t ude  m a r k i n g  r a d a r  
s i n c e  F C - 6 4  can  on ly  be s e t  high by t h e  t r u e  m a r k  s igna l .  

Igni t ion of t h e  v e r n i e r  eng ines  d u r i n g  t h e  m a i n  r e t r o  p h a s e  w a s  

A s  d i s c u s s e d  p r e v i o u s l y ,  the change  in  g y r o  a n g l e s  
e x e c u t e d  smoo th ly ,  wi th  i m p u l s e  d i s p e r s i o n s  be tween  e n g i n e s  w e l l  wi th in  
the  spec i f i ca t ion  v a l u e s .  
d u e  t o  a shif t  in r e f e r e n c e  nu l l  a t  engine  ign i t ion  l i m i t s  t he  a c c u r a c y  of t h e  
s t a r t u p  i m p u l s e  d i s p e r s i o n  ca l cu la t ions .  

R e t r o  P h a s e  At t i tude  Control  

D u r i n g  t h e  m a i n  r e t r o  phase ,  f r o m  v e r n i e r  igni t ion un t i l  c a s e  
s e p a r a t i o n ,  s p a c e c r a f t  a t t i t ude  mot ion  w a s  small  in all t h r e e  axes ( F i g u r e  
5. 5 -16 ) .  
g y r o  e r ro r  t e l e m e t r y  d a t a  ( F C - 1 6  and F C - 1 7 ) ,  o c c u r r e d  a t  v e r n i e r  igni t ion 
a n d  a m o u n t e d  to  -0. 5 d e g r e e  in yaw and  0 d e g r e e  in pi tch.  Fo l lowing  i g n i -  
t ion ,  s t a t i c  a t t i t ude  e r r o r  w a s  v i r t u a l l y  z e r o  abou t  t h e  p i t c h  axis a n d  a p p r o x i -  
m a t e l y  -0. 27 d e g r e e  about  t h e  yaw axis. 
be tween  -0. 16 and  i-0. 84 d e g r e e  du r ing  the  m a i n  r e t r o  p h a s e  ( less  than  1. 0 
d e g r e e  is r e q u i r e d ) .  

P e a k  p i t c h  and  yaw i n e r t i a l  a t t i t u d e  mot ion ,  as  r e a d  d i r e c t l y  f r o m  

R o l l  i n e r t i a l  a t t i t ude  e r r o r  v a r i e d  

S i n c e  all g y r o  e r r o r  s igna l s  w e r e  m a i n t a i n e d  to  wi th in  *l. 0 d e g r e e  
( d u r i n g  r e t r o  b u r n ) ,  e a c h  g y r o  w a s  e x e r c i s e d  l e s s  t han  10 p e r c e n t  of t h e  
a v a i l a b l e  t r a v e l  r a n g e  of m o r e  than * l o  d e g r e e s .  A s u m m a r y  of p i t ch  a n d  
y a w  i n e r t i a l  a t t i t ude  a n g l e s  produced  a t  v a r i o u s  po in t s  i n  t h e  r e t r o  p h a s e  is 
g iven  in  Table 5. 5-16. 
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T A B L E  5 .5-14 .  T I M E  AND E V E N T S  LOG, R E T R O  PHASE 

Event  

R e t r o  e j ec t  

High  t h r u s t  

S t a r t  RADVS -con t ro l l ed  
d e s c e n t  

h r : m i n :  s e c  
Main  R e t r o  
P h a s e  Event  

T i m e  A f t e r  AMR M a r k ,  s e c o n d s  
I 

N o r m a l  E m e r g e n c y  C o m m a n d s  

64. 4 61. 3 

62.  4 6 2 . 4  

64. 9 63 .  3 

AMR m a r k  (FC -64)  

V e r n i e r  ignit ion ( F C  -28)  

R e t r o  ignit ion ( F C  -29)  

RADVS power  o n  

R e t r o  burnout  ( F C - 3 0 )  

R e t r o  e j e c t  (FC -31):: 

High t h r u s t  ( F C  -78):: 

S t a r t  R ADVS -cont  r o l led  
d e s c e n t  ( F C  -42):: 

00:44: 39. 119  

00: 44: 5 1. 4 4 3  

00:44:52. 533  

00: 44: 54. 0 53 

00:45:31. 452  

00: 45: 40. 4 4 4  

00:45:41. 552 

00:45: 42. 442 

E x p e c t e d  
Time Be tween  T i m e ,  

12. 324  

1. 09 

3 8 . 9 1 9  
8. 992  

1. 1 0 8  

0 . 8 9 0  

1 2 . 3  

1. 1 

0. 55  

39. 06 
8. 54  

0. 50 

1. 5 

.L -8- 

Achieved  b y  e m e r g e n c y  c o m m a n d  tape .  

TABLE 5 .5-15 .  NOMINAL VERSUS E M E R G E N C Y  
DESCENT TIMING 
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'TABLE 5. 5 -16. R E T R O  PHASE ATTI'I 'UDE C O N T R O L  S U M M A R Y  

E v e n t  

V e r n i e r  igni t ion 

R e t r o  igni t ion 

S t e a d y  s t a t e  

Burnou t  

R e t r o  e j e c t  

_- - 

t o .  5 

0 

-0.  16 

0 

~ ~~ 

Yaw 

-0. 5 

-0. 4 

-0. 27 

-0. 27 

-0. 27 

P i t c h  and  yaw c o n t r o l  m o m e n t s  g e n e r a t e d  by the  v e r n i e r  e n g i n e s  
w e r e  e s t i m a t e d  by m e a n s  of the  following equa t ions :  

L = 2. 969 T1 t 0. 5723 T 2  t 2 . 3 9 7  T 3  
X 

L = -1. 053 T I  t 3. 098 T 2  - 2. 045  T 3  
Y 

w h e r e  Lx and  Ly a re  p i t c h  and  yaw c o n t r o l  t o r q u e s  ( f t - l b ) ,  r e s p e c t i v e l y ,  a n d  
T i ,  T 2 ,  a n d  T 3  a r e  t h r u s t s  (pounds)  g e n e r a t e d  b y  e n g i n e s  1, 2, and 3, 
r e s p e c t i v e l y .  V a l u e s  f o r  the  a v e r a g e  va lue  of T i  = 58. 5 pounds ,  T 2  = 51. 2 5  
pounds ,  and T 3  = 40. 7 pounds  w e r e  e s t i m a t e d  f r o m  t h e  t h r u s t  c o m m a n d  
t e l e m e t r y  s i g n a l s  ( F C  -25, F C  -26,  and F C  -27).  S h o r t l y  a f t e r  r e t r o  ign i t ion ,  
d i f f e r e n t i a l  t h r o t t l i n g  equiva len t  t o  a p p r o x i m a t e l y  47. 0 f t  -1b of c o n t r o l  t o r q u e  
was p roduced .  

T h e  m a x i m u m  t h r u s t  v e c t o r  t o  c e n t e r  of g r a v i t y  o f f se t  c a n  be  e s t i -  
m a t e d  us ing  t h i s  m a x i m u m  c o n t r o l  t o r q u e  magn i tude  of 47 ft -1b. A s s u m i n g  
a 9740-pound r e t r o  t h r u s t ,  t h e  offset  w a s  e s t i m a t e d  as  

47. 0 f t - l b  1 2  i n c h e s  
9740 pounds  f e e t  M a x i m u m  c e n t e r  of g r a v i t y  o f f s e t  = 

= 0. 048 inch  

T h i s  c o m p a r e s  to  the  r e q u i r e d  va lue  of 0. 18 inch  ( R e f e r e n c e  1) .  

T h e  m a x i m u m  a t t i t ude  e r r o r  p r o d u c e d  by the  r e t r o  d i s t u r b a n c e  

S i n c e  the  n o m i n a l  s t a t i c  gain ( s t i f f n e s s )  of t he  p i t c h  and  yaw a t t i t ude  
t o r q u e s  w a s  a l s o  d e t e r m i n e d  f r o m  the m a x i m u m  t o r q u e  m a g n i t u d e  of 47. 0 
f t - lb .  
c o n t r o l  l oops  i s  

s t a t i c  ga in  = 1200 f t - l b / d e g  
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the m a x i m u m  stat ic  att i tude e r r o r  is es t imated  to  be 

m a x i m u m  stat ic  e r r o r  = -- 1200 47 - 0. 039 d e g r e e  

which i s  l e s s  than the allowable value of 0.  12 degree .  

5. 5. 4. 11 T e r m i n a l  Descent  P h a s e  

The RADVS-controlled portion of the t e r m i n a l  d e s c e n t  began a t  
approximately 00:45:42. 442 GMT with initiation of the  minimum a c c e l e r a t i o n  
( 0 .  9 g )  phase a long  with spacecraf t  pitch and yaw at t i tude m a n e u v e r s  to null 
existing la te ra l  velocit ies.  T h e s e  att i tude m a n e u v e r s  a r e  n e c e s s a r y  to  align 
the t h r u s t  vector ( ro l l  a x i s )  with the to ta l  veloci ty  v e c t o r .  A t  this  time, the 
v e r t i c a l  velocity was  46. 0 f p s  a t  a s lan t  range of 5950 feet .  
veloci t ies  (Vx = -41 fps ,  Vy  = 50 f p s )  w e r e  nulled and r e m a i n e d  e s s e n t i a l l y  
a t  z e r o  t o  touchdown. The s p a c e c r a f t  r o l l  axis w a s  maneuvered  through a n  
e s t i m a t e d  total angle  of 45 d e g r e e s .  

The l a t e r a l  

Intercept  of the d e s c e n t  l ine s e g m e n t  o c c u r r e d  a t  approximate ly  97 f p s  
v e r t i c a l  velocity a t  a s l a n t  r a n g e  of 806 feet. 
m e n t s  w a s  sa t i s fac tory  a s  shown i n  F i g u r e  5. 5-17. The alt i tude and v e r t i c a l  

Tracking of the d e s c e n t  s e g -  
- 

velocity a t  the t i m e  the 10-fps  m a r k  w a s  generated w e r e  e s t i m a t e d  to be 50 
fee t  a n d  10 fps, respec t ive ly .  Touchdown o c c u r r e d  a t  approximate ly  
00:46:46 GMT. 
o c c u r r e n c e  i s  presented in  Table  5. 5-17. 

A l i s t  of per t inent  t e r m i n a l  descent  events  and t i m e s  of 

TABLE 5.5-17. TERMINAL EVENTS 

T e r m i n a l  De scent  
P h a s e  Event 

Day 254, 
GMT, h r : m i n :  s e c  

S t a r t  of RADVS -controlled 
d e s  cent 

1000-foot m a r k  

Segment in te rcept  

10-fps m a r k  

14-foot m a r k  

Touchdown 

00:45:42.422 

00:46:19.697 

00:46:22. 33 

00:46:37. 097 

00:46:42.697 

00:46:44.397 

h 
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V e r n i e r  D e s c e n t  At t i tude  C o n t r o l  

P i t c h  and yaw a t t i t ude  m o t i o n s  d e t e r m i n e d  f r o m  pi tch  and  yaw g y r o  
e r r o r  t e l e m e t r y  s i g n a l s  ( F C - 1 6  and  F C - 1 7 )  w e r e  m a i n t a i n e d  l e s s  t han  *3. 0 
d e g r e e s  i n  each  a x i s  d u r i n g  the  v e r n i e r  d e s c e n t  p h a s e .  
f r e e d o m  of each  g y r o  is  * l o  d e g r e e s .  

R e q u i r e d  g i m b a l  
( S e e  F i g u r e  5. 5 -16 . )  

M e a s u r a b l e  g y r o  g i m b a l  e r r o r s  ( equ iva len t  t o  s p a c e c r a f t  a t t i t ude  
e r r o r  r e l a t i v e  t o  the  r e f e r e n c e  e s t a b l i s h e d  by RADVS s i g n a l s )  o c c u r r e d  
d u r i n g  c e r t a i n  p o r t i o n s  of the v e r n i e r  d e s c e n t  p h a s e ,  a c c o r d i n g  t o  the  fo l low-  
ing s u m m a r y :  

P e a k  G y r o  G i m b a l  E r r o r s ,  d e g r e e s  

P h a s e  of D e s c e n t  P i t c h  Yaw - 
SRCD and RODVS ( s t a r t  of - 0. 7 -0. 6 
a l ignmen t  t o  ve loc i ty  v e c t o r )  

R < 1000 f e e t  t 2. 6 -1. 3 

Fol lowing  eng ine  cutoff t 0. 6 t o .  6 

Fol lowing  touchdown >-12. 0 t 1 .  3 

At the  s t a r t  of t h e  RADVS-cont ro l led  d e s c e n t  p h a s e ,  the  s p a c e c r a f t  
i n i t i a t ed  a n  a t t i tude  m a n e u v e r  t o  a l i g n  the  t h r u s t  a x i s  wi th  the  t o t a l  ve loc i ty  
v e c t o r .  In i t ia l  v e l o c i t y  cond i t ions  p r e c e d i n g  the  m a n e u v e r  w e r e  as  fo l lows  
( t a k e n  f r o m  RADVS t e l e m e t r y  d a t a ,  F C - 3 9 ,  F C - 4 0 ,  and F C  -41).  (See  
F i g u r e  5. 5-16. ) 

P r e m a n e u v e r  v e l o c i t y  cond i t ions  w e r e  as fo l lows:  

Vx = -41. 0 f p s  

V = t 5 0 .  0 f p s  
Y 

V = 4 6  fps 
Z 

A f t e r  t he  a l i g n m e n t  m a n e u v e r  w a s  c o m p l e t e d  V, a n d  V 
a n d  V, b e c a m e  equal  t o  the  t o t a l  v e l o c i t y  of 88 f p s .  
m a g n i t u d e s  w e r e  computed  as fo l lows:  

w e r e  he ld  n e a r  z e r o  Y T h e  a t t i t ude  m a n e u v e r  

V 
_41. = 4 1  d e g r e e s  
V 

V 

-1 P i t c h  m a n e u v e r :  L e x  = t t a n  
Z 

-1 x Yaw m a n e u v e r :  L8 = - t a n  -- - -32  d e g r e e s  
Z 

Y V 
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G y r o  g i m b a l  ang le  e r r o r s  w e r e  m a i n t a i n e d  v i r t u a l l y  a t  n u l l  d u r i n g  
t h e  d e  s c e n t  above  t h e  1000-foot ra.fige. Fn!!cwir,g g e ~ e r a t i ~ r ,  sf t h e  P,ADTV'S 
1000-foot  m a r k ,  which  i n c r e a s e d  the l a t e r a l  ve loc i ty  c o n t r o l  c h a n n e l  g a i n s  
b y  a f a c t o r  of a p p r o x i m a t e l y  s i x  and t h e r e b y  i n c r e a s e d  s y s t e m  s e n s i t i v i t y  t o  
t h e  Vx and  Vy r a d a r  i nd ica t ions ,  i n c r e a s e d  g y r o  g i m b a l  e r r o r s  w e r e  d e v e l -  
oped but  did not e x c e e d  3. 0 d e g r e e s  in  e i t h e r  a x i s .  

Fo l lowing  v e r n i e r  eng ine  cutoff,  g y r o  g i m b a l  e r r o r s  i n c r e a s e d  t o  
a p p r o x i m a t e l y  to. 6 d e g r e e  in  pi tch a n d  yaw d u r i n g  free-fall  to t h e  l u n a r  
surface.  Fol lowing  touchdown,  t h e s e  g i m b a l  a n g l e s  w e r e  2 1 2 .  0 d e g r e e s  
i n  p i t ch  and  t 1 .  3 d e g r e e s  in yaw.  

Ef fec t  of VPS on At t i tude  C o n t r o l  

A c o m p a r i s o n  of t he  Surveyor  I, HI, a n d  V a t t i t ude  c o n t r o l  s y s t e m  
p e r f o r m a n c e  d u r i n g  t e r m i n a l  descen t  i nd ica t ed  t h a t  a t t i t ude  c o n t r o l  w a s  con - 
s i d e r a b l y  m o r e  s lugg i sh  du r ing  the  S u r v e y o r  V d e s c e n t  below 1000 f ee t .  
F i g u r e s  5. 5-16 a n d  5. 5 -18  p r o v i d e  a c o m p a r i s o n  of f l ight  c o n t r o l  v a r i a b l e s  
d u r i n g  the  S u r v e y o r  I11 and  V t e r m i n a l  p h a s e .  
of t h e  t h r u s t  c o m m a n d s  w a s  g r e a t e r  d u r i n g  t h e  S u r v e y o r  V d e s c e n t ,  wi th  
a c t u a l  c o m m a n d  s a t u r a t i o n  be low 1000 f ee t .  T h e  eng ine  1 t h r u s t  c o m m a n d  
w a s  s a t u r a t e d  m o r e  f r e q u e n t l y  than  e i t h e r  of t h e  o t h e r  two and ,  a t  v a r i o u s  
t i m e s ,  t he  m a x i m u m  c o m m a n d s  w e r e  as  l a r g e  as  116 pounds  on e n g i n e s  1 
and  2 and 123  pounds  on eng ine  3 .  S a t u r a t i o n  of the a c c e l e r a t i o n  e r r o r  s i g -  
n a l  ( t o t a l  t h r u s t  c o m m a n d )  w a s  a l s o  m o r e  f r e q u e n t  f o r  
t he  t e l e m e t r y  s i g n a l  l i m i t s  a r e  w e l l  wi th in  t h e  a c t u a l  a c c e l e r a t i o n  c o m m a n d  
l i m i t s  and enough t h r u s t  w a s  a lways  a v a i l a b l e  f o r  a t t i t ude  c o n t r o l .  At t i tude  
c h a n g e s  w e r e  c o r r e s p o n d i n g l y  g r e a t e r  d u r i n g  the  S u r v e y o r  V d e s c e n t  be low 
1000 f e e t  d u r i n g  p e r i o d s  of high t h r u s t  c o m m a n d  but did not e x c e e d  3 d e g r e e s .  
C h a n g e s  i n  p i t ch  a t t i t ude  w e r e ,  i n  g e n e r a l ,  g r e a t e r  t h a n  yaw a t t i t ude  
changes .  

I t  should  be noted  t h a t  r a n g i n g  

S u r v e y o r  V ,  a l though 

O x i d i z e r  l e g  3 p r e s s u r e  decayed  f r o m  -605 p s i a  t o  -565 p s i a  d u r i n g  
t h e  h igh  t h r u s t  phase .  Although t h e r e  a r e  no p r e s s u r e  m e a s u r e m e n t s  on t h e  
o t h e r  p r o p e l l a n t  t a n k s ,  t h e  pos t - touchdown c o r r e s p o n d e n c e  be tween  t h e  
h e l i u m  t a n k  p r e s s u r e  and  o x i d i z e r  leg 3 p r e s s u r e  a l l o w s  the  r e a s o n a b l e  
i n f e r e n c e  tha t  all of t h e  p r o p e l l a n t  t ank  p r e s s u r e s  w e r e  similar.  

T h e  s t r a i n  gauge  d a t a  ( P - 1 8 ,  -19,  and  - 2 0 )  w e r e  e r r a t i c ,  r e n d e r i n g  
quan t i t a t ive  r e s u l t s  specu la t ive .  However ,  i t  s e e m s  r e a s o n a b l e  t o  a s s u m e  
t h a t  t h e  t h r u s t  r e s p o n s e  ( a t  high t h r u s t )  w a s  c o n s i d e r a b l y  smaller than  t h e  
c o m m a n d  b a s e d  on  a c o m p a r i s o n  of t h e  s t r a i n  gauge  d a t a  wi th  t h e  t h r u s t  
c o m m a n d s .  

T h e  f l ight  c o n t r o l  s y s t e m  p e r f o r m a n c e  ind ica t ed  by t h e  a b o v e  o b s e r -  

A d e c r e a s e  in  the  e f f ec t ive  loop ga in  would a c c o u n t  
va t ions  i s  c h a r a c t e r i z e d  by s luggish  o p e r a t i o n  a t  high t h r u s t  and n o m i n a l  
o p e r a t i o n  a t  low t h r u s t .  
f o r  t h e  high t h r u s t  p e r f o r m a n c e  o b s e r v e d .  
e l e m e n t  could accoun t  f o r  the  appa ren t  gain change .  

T h e  s a t u r a t i o n  of a c o n t r o l  l oop  
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Figure 5. 5-18. Surveyor I11 Terminal  Descent 
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The v e r n i e r  propuls ion subsys tem ( V P S )  is suggested as the sa tura t ing  
e l e m e n t  s i n c e :  

1) The VPS was not tracking the t h r u s t  commands  a t  high thrus t .  

2) Lowered V P S  supply p r e s s u r e  (as  observed  on oxidizer  leg 3 )  
will  typically cause  thrott le valve sa tura t ion  and  hence engine 
sa tura t ion  a t  high thrust ,  but will  not have a g r o s s  effect  on low 
t h r u s t  operation. 

Although p r e c i s e  calculations a r e  not possible  s ince  the throt t le  valve 
c h a r a c t e r i s t i c  ("plate") c u r v e s  f o r  flight s p a c e c r a f t  a r e  not avai lable ,  it was  
concluded b y  examining typical "plate" c u r v e s  that a d e c r e a s e  in supply 
p r e s s u r e  of the magnitude noted (-720 to  565 p s i a )  will  cause  m a r k e d  throt t le  
valve sa tura t ion  and hence the flight control  p e r f o r m a n c e  observed.  

The g y r o  e r r o r s  which o c c u r r e d  during s e g m e n t  acquis i t ion below 
1000 f e e t  w e r e  l a r g e r  than those recorded  in previous miss ions .  
due p r i m a r i l y  to a lowering of the maximum t h r u s t  capabili ty of the engines.  
An analog s imulat ion of this  engine sa tura t ion  effect is shown in F i g u r e  5. 5-19. 
The l i m i t  on engine 1 was  below 8 7  pounds ( t h r u s t  requi red  f o r  m a x i m u m  
acce lera t ion) .  
duced into the att i tude loop which then s lowly responds  with lower  damping 
s ince  i t s  gain h a s  effectively been  halved. 
t h r u s t  command t o  the engines then i n c r e a s e s  f r o m  60  to 138 pounds as  a 
resu l t ,  and  the  pi tch att i tude loop compensates  the o ther  two engine commands  
with a resul t ing g y r o  e r r o r .  
shown b e c a u s e  i t s  magnitude is relat ively small. Though the magnitude of the 
g y r o  e r r o r s  f o r  this s imulat ion is l e s s  than those observed  dur ing  the 
S u r v e y o r  V flight, the c h a r a c t e r  of the data  is the s a m e .  
two engines  w e r e  in  sa tura t ion  during the Surveyor  V descent  which tended to  
produce  a divergence in  a t t i tude until a l a r g e  s igna l  s table  l imi t  cycle  was  
achieved.  This  divergence w a s  prevented b y  the s y s t e m  re turn ing  to a lower 
a c c e l e r a t i o n  command and s m a l l  s i g n a l  stabil i ty.  

This  w a s  

When engine 1 is thrott led into i ts  l imit ,  a t r a n s i e n t  is intro-  

The a c c e l e r a t i o n  loop i n c r e m e n t a l  

A yaw g y r o  e r r o r  is a l s o  requi red  but  not 

It is bel ieved that 
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Figure 5. 5-19. Simulation of Engine Saturation 

5. 5-72 



8 
I 

~ 

a 
5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

R .  H. B e r n a r d ,  "Res tora t ion  and Updating of Surveyor  Coas t  P h a s e  
Analog Computer  Mechanizat ion,  I' Hughes A i r c r a f t  Company 
I D C  2223/77,  29 J u l y  1964. 

R. H. B e r n a r d ,  "Revised G a s  J e t  F u e l  Consumption f o r  66-hour  
Miss ion ,  I I  Hughes A i r c r a f t  Company IDC 2223/843, 19 F e b r u a r y  1965. 

R .  H. B e r n a r d ,  "Surveyor  Sun Acquis i t ion  With the Sun S e n s o r  Or i en ted  
t o  Include the  R o l l  and  P i t c h  U s e s ,  'I Hughes A i r c r a f t  Company 
IDC 2223/540,  1 4  D e c e m b e r  1964. 

E. I. Axelband,  "Analysis  of Iner t ia l  Point ing A c c u r a c y  of Surveyor  
Midcourse  T h r u s t  V e c t o r ,  I '  Hughes A i r c r a f t  Company IDC 2242/2706,  
17 J u n e  1963. 

H. D. Marbach ,  "Angular Ra te s  at  Midcourse  Shutdown, IT  Hughes 
A i r c r a f t  Company IDC 2223/731, 3 F e b r u a r y  1963. 

"Interface Document ,  Surveyor  V e r n i e r  P ropu l s ion  T h r u s t  C h a m b e r  
A s s e m b l y ,  Hughes Specif icat ion 287015. 

"Spacecraf t  F l igh t  Cont ro l  Subsys t em,  Revis ion  E, Hughes 
S p e c  if icat ion 2 346 0 0. 

"Standard T r a n s i t  Sequence  of S p a c e c r a f t  Opera t ions ,  ' I  Hughes 
Spec i f ica t ion  2245 5 0. 

"Fl ight  Cont ro l  S P A C  Handbook, I' Hughes A i r c r a f t  Company.  

0. N. Her t zmann ,  "SC-4 Thrus t  Command  Modulation Study, I '  
Hughes A i r c r a f t  Company IDC 2223/3055,  25 Augus t  1967. 

"SC-4 P r e l i m i n a r y  P o s t  Fl ight  Data  A n a l y s e s  Repor t ,  I' Hughes 
A i r c r a f t  Company, 1 Augus t  1967. 

5 . 5 . 6  ACKNOWLEDGMENTS 

J. A n g e r m a n ,  Techn ica l  Coordina tor  

B.N.  Smi th  

L . R .  Stumpf 

R.H.  B e r n a r d  

P. L. Welton 

M.R. Buehner  

5 .5 -73  



5 . 6  VERNIER PROPULSION 

5 . 6 . 1  INTRODUCTION 

5. 6.  1 .  1 Description 

The Surveyor vern ier  propulsion sys tem ( V P S )  (F igure  5 .6 -1 )  is a 
bipropellant, variable thrust ,  liquid rocket sys tem utilizing an  oxidizer 
composed of 90 percent nitrogen tetroxide and 10 percent nitr ic oxide (Mon 
10)  and a fuel composed of 72 percent monomethyl hydrazine and 28 percent 
wa te r .  
(TCAs) with radiation-cooled expansion cones.  
thrust  range f rom 30  to 104 pounds vacuum thrus t .  

The VPS consists of three regeneratively-cooled thrus t  chambers  
Each TCA has a variable 

Propellant i s  supplied to the TCAs f rom s ix  tanks employing 
positive expulsion bladders .  
TCA and a r e  located adjacent to the TCA nea r  each of the three spacecraf t  
landing legs . 

One fuel tank and one oxidizer tank supply each 

Propellant expulsion i s  accomplished by pressurizing the propellant 
tanks on the gas s ide of the bladders with helium gas .  
under high p r e s s u r e  in a spherical  p ressure  vessel .  
together with the p r e s s u r e  regulator and servicing connections, is mounted 
outboard of the spaceframe between landing legs  2 and 3 .  
and rel ief  valves a r e  mounted on the spacef rame between landing legs 2 and 3 .  

The helium is s tored  
The helium tank, 

The dual check 

Thermal  control of the V P S  is both active and passive.  Electr ic  
hea te rs  a r e  installed on two oxidizer tanks, one fuel tank, and a l l  propellant 
feedlines to  the TCAs. Passive thermal  control consists of the application 
of black and white paint and vapor-deposited aluminum to selected portions 
of the VPS, together with super  insulation applied to the propellant tanks.  

The feedlines a r e  wrapped with aluminum foil to de te r  heat loss. 

5 . 6 . 1 . 2  Purpose 

The VPS has three  main functions during the mission: 

1) 

2) 

3 )  

Midcourse velocity correct ion and attitude control  

Attitude control during r e t ro  phase 

Attitude control and velocity cor rec t ion  during the final 
descent maneuver 

m?i%-. 5. 6-1 
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c . l ' h e .  m i d c o u r  se  ve loc i ty  c u r r e c t i o i i  m a y  b e  r z q u i r c d  t c  c o r r e c t  ini t ia!  la.iJ.nch - 
ing  and in j ec t ion  e r r o r s .  
m , / s e c  wi th  suf f ic ien t  p r o p e l l a n t  r e m a i n i n g  t o  s u c c e s s f u l l y  land the  s p a c e  - 
c r a f t  on the moon.  T h e  r e q u i r e d  c o r r e c t i o n  i s  t r a n s m i t t e d  t o  the s p a c e c r a f t  
i n  t h e  f o r m  or' a d e s i r e d  bui-ii tliiie at 2 c ~ n s t a n t  a c c e l e r a t i o n  of 0 ,  1 g ;  which  
r e s u l t s  in a t h r u s t  l e v e l  of a p p r o x i m a t e l y  75 pounds  f o r  e a c h  TCA.  In a d d i -  
t i on  t o  p rov id ing  the  r e q u i r e d  ve loc i ty  change ,  the  VPS a l s o  p r o v i d e s  s p a c e -  
c r a f t  a t t i t u d e  c o n t r o l  d u r i n g  t h e  m a n e u v e r .  

T h e  VPS p r o v i d e s  ve loc i ty  c o r r e c t i o n s  u p  t o  50 

At t i tude  c o n t r o l  d u r i n g  f i r i n g  of t he  s p a c e c r a f t  r e t r o  m o t o r  is  p r o -  
T h e  V P S  i s  ignited a p p r o x i m a t e l y  1. 1 s e c o n d s  p r i o r  t o  vided b y  the  VPS.  

r e t r o  ign i t ion .  At t i tude  c o n t r o l  by the V P S  i s  b i a s e d  a r o u n d  a t o t a l  v e r n i e r  
t h r u s t  level. of e i t h e r  150 o r  200 pounds,  depend ing  on p r e d i c t i o n s  of s p a c e -  
c r a f t  a t t i t u d e  and  ve loc i ty  a t  r e t r o  burnout.  
i s  t r a n s m i t t e d  t o  the  s p a c e c r a f t  s e v e r a l  m i n u t e s  p r i o r  t o  in i t ia t ion  of t h e  r e t r o  
m a n e u v e r  s e q u e n c e .  Fol lowing  r e t r o  bu rnou t ,  t h e  v e r n i e r  t h r u s t  l e v e l  i s  
i n c r e a s e d  t o  280 pounds  to t a l  t h r u s t  to f u r t h e r  s low the  s p a c e c r a f t  t o  a l low 
t h e  e j e c t e d  r e t r o  m o t o r  c a s e  t o  fall c l e a r .  

T h e  d e s i r e d  v e r n i e r  t h r u s t  l e v e l  

Fo l lowing  r e t r o  m o t o r  e jec t ion ,  t h e  V P S  is  t h r o t t l e d  to  a p p r o x i m a t e l y  
110  pounds  t o t a l  t h r u s t  u n d e r  r a d a r  con t ro l .  
the  f i r s t  d e s c e n t  s e g m e n t ,  t h e  V P S ,  o p e r a t i n g  in  t h e  c l o s e d - l o o p  m o d e  wi th  
t h e  r a d a r  s y s t e m ,  a c q u i r e s  t h e  p r e d e t e r m i n e d  a l t i t ude  -ve loc i ty  p r o f i l e  a n d  
k e e p s  t h e  s p a c e c r a f t  on t h e  p ro f i l e .  E a c h  s u c c e e d i n g  s e g m e n t  of t h e  p r o f i l e  
i s  a c q u i r e d  in a similar m a n n e r .  At a n  a l t i t u d e  of 14  f e e t ,  t he  VPS  i s  shut  
down,  and  t h e  s p a c e c r a f t  f r e e  f a l l s  to the  l u n a r  s u r f a c e .  

When the  s p a c e c r a f t  i n t e r s e c t s  

5 .6 .  2 ANOMALIES 

T h r e e  a n o m a l i e s  w e r e  o b s e r v e d  d u r i n g  the  e a r t h l l u n a r  t r a n s i t :  

1 )  A h e l i u m  p r e s s u r e  r e g u l a t o r  f a i l u r e  which  a l lowed g a s  l e a k a g e  
f r o m  t h e  h e l i u m  s t o r a g e  t a n k  i n t o  the  p r o p e l l a n t  t a n k s  
( T F R  18263) .  
g i v e s  a c o m p l e t e  account ing  of the  r e g u l a t o r  f a i l u r e .  

( R e f e r  to  Appendix  A t o  Sec t ion  5 .6 .  ) R e f e r e n c e  1 

2) P r e s s u r e  s a t u r a t i o n  o n  engine  1 and f r e q u e n t l y  t h e  o t h e r  e n g i n e s  
w a s  o b s e r v e d  d u r i n g  t e r m i n a l  descent, i. e . ,  t he  h igh  t h r u s t  c o m -  
m a n d  t o  t h a t  eng ine  i n d i c a t e s  it w a s  no t  p r o d u c i n g ' t h e  desired 
thrust  l e v e l .  

3 )  O x i d i z e r  t a n k  p r e s s u r i z a t i o n  rate w a s  s l o w e r  t h a n  seen o n  
p r e v i o u s  s p a c e c r a f t .  

Anomaly  2 w a s  a n  expected c o n s e q u e n c e  of a n o m a l y  1; h o w e v e r ,  no 
direct  l i n k  c a n  be e s t a b l i s h e d  be tween  a n o m a l y  3 and t h e  o t h e r s .  

At t h e  e n d  of t h e  f irst  l u n a r  day ,  o x i d i z e r  l e g  3 p r e s s u r e  decreased 
( T F R  18265) .  This  r e d u c t i o n  in p r e s s u r e  p r o b a b l y  is d u e  to  e x c e s s i v e  t e m p e r -  

a t u r e s  of t h e  l u n a r  e n v i r o n m e n t  
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5 . 6 .  3 SUMMA4RY AND RECOMMENDATIONS 

5. 6.  3 .  1 Regula tor  F a i l u r e  

An extens ive  d i scuss ion  of the  r e g u l a t o r  f a i l u r e  i s  contained in 
Appendix A t o  Sect ion 5. 6. 
t a t ion  given i n R e f e r e n c e  2. 
l a t o r  malfunct ion w a s  contaminat ion  which d a m a g e d  the  he l ium r e g u l a t o r  
va lve  s e a t  seal .  
caus ing  the  outlet  p r e s s u r e  to  i n c r e a s e  to  a l e v e l  which wi l l  c a u s e  the  f u e l  
or ox id ize r  re l ie f  valve t o  vent  into s p a c e  

T h e  con ten t s  of Appendix A follow the  p r e s e n -  
The  m o s t  l ike ly  c a u s e  of the  S u r v e y o r  V r e g u -  

T h i s  could r e s u l t  in an  i n t e r n a l  l e a k  through the  r e g u l a t o r ,  

Recommenda t ions  fo r  c o r r e c t i v e  ac t ion  ( R e f e r e n c e  4) w e r e  a s  
fol lows : 

1 )  Design Act ions  

a )  P e r f o r m  in p a r a l l e l  eng inee r ing  r e d e s i g n  of r e l i e f  va lve  
t o  i n c r e a s e  c r a c k  p r e s s u r e  

b )  Evalua te  e f f ec t s  of i n c r e a s e d  r e l i e f  valve c r a c k  p r e s s u r e  
on  he l ium p r e s s u r i z a t i o n  s u b s y s t e m  

c )  P e r f o r m  tradeoff  s tudy  to  d e t e r m i n e  su i tab i l i ty  of 
r e d e s i g n  fo r  SC -7. 

2 )  Manufactur ing Act ions  f o r  F u t u r e  P r o c u r e m e n t  or R e w o r k  

a )  I n c o r p o r a t e  addi t iona l  inspec t ion  poin ts  a t  s u b a s s e m b l y  
and a s s e m b l y  l e v e l s  

b )  I m p r o v e  Qual i ty  C o n t r o l  i n s t r u c t i o n s  f o r  handling and 
manufac tu r ing  p r o c e s s e s  on con tamina te  c r i t i c a l  i t e m s  

c )  P o l i s h  r e g u l a t o r  de t a i l  p a r t s  

d )  P e r f o r m  g a s  con tamina te  t e s t s  on he l ium t ank  and va lve  
a s s e m b l y  du r ing  r e g u l a t o r  f low t e s t  po r t ion  of f l ight  
a c c e p t a n c e  t e s t  v ib ra t ion  

e )  S t a n d a r d i z e  r e g u l a t o r  lockup t e s t s  a t  component ,  uni t ,  
and  s y s t e m s  l eve l  

f )  P r o v i d e  r e w o r k  c r i t e r i a  to manufac tu r ing  for p a r t s  t ha t  
fail contaminat ion  t e s t s  

3 )  Handling Act ions  

a )  I m p r o v e  h a r d w a r e  changeout  p l ans  t o  avoid c o m p r o m i s i n g  
c l e a n l i n e s s  of V P S  s u b s y s t e m  
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4) 

b )  E v a l u a t e  f e a s i b i l i t y  of app l i ca t ion  of l iquid f l u s h  t e c h n i q u e s  
t o  V P S  s u b s y s t e m  for  S C - 7  

I n s t a l l  m i l l i p o r e  f i l t e r s  f r o m  AGE t o  a l l  g a s  i n l e t s  of 
h e l i u m  p r e s s u r i z a t i o n  s y s t e m  

Standardize contaminat ion  c h e c k s  0" VPS u n i t s  2 n d  
s u b s y s t e m  

c )  

d )  

T e s t  Ac t ions  

a )  Change  p r o c e d u r e s  to avo id  backf low th rough  r e g u l a t o r  
s e a t  

b )  Change  o r d e r  of t e s t  t o  p e r f o r m  r e g u l a t o r  lockup c h e c k  
a f t e r  c h e c k  va lve  t e s t s  

c )  P e r f o r m  6 - h o u r  r e g u l a t o r  l ockup  t e s t  to  d e t e c t  l e a k a g e  

d )  S tudy  f e a s i b i l i t y  of p e r f o r m i n g  s u r g e  va lve  v e r i f i c a t i o n  
a f t e r  i n s t a l l a t ion  into h e l i u m  t a n k  and  va lve  a s s e m b l y  
f o r  S C - 7  

e )  P e r f o r m  g a s  con tamina t ion  t e s t  on  S P - 2  he l ium t a n k  and 
va lve  a s s e m b l y  a n d  v e r i f y  c l e a n l i n e s s .  

5. 6. 3.  2 P r e s s u r e  S a t u r a t i o n  Anomaly  

A c o m p a r i s o n  of t h r u s t  c o m m a n d s  in  F i g u r e  5. 6 - 2  i n d i c a t e s  t h a t  
eng ine  1 m a y  not  have  been  producing  its maximum r a t e d  t h r u s t  due  t o  t h e  
low p r o p e l l a n t  t a n k  p r e s s u r e  r e s u l t i n g  f r o m  t h e  r e g u l a t o r  f a i l u r e .  E v i d e n c e  
of t h i s  f a i l u r e  and  e f f ec t  on s p a c e c r a f t  d y n a m i c s  a r e  d i s c u s s e d  in S e c t i o n s  
5. 5 and  5. 12. N o  des ign  c h a n g e s  a r e  r e c o m i n e n d e d  s i n c e  the  p r o p e r  o p e r -  
a t ion  of t he  r e g u l a t o r  w i l l  p r e v e n t  th i s  f r o i n  o c c u r r i n g .  

5. 6. 3 .  3 P r e s s u r i z a t i o n  R a t e  Anomaly  

Behav io r  of the  h e l i u m  t ank ,  fue1,and o x i d i z e r  p r e s s u r e s  d u r i n g  squ ib  
f i r i n g ,  and the  s i x  v e r n i e r  b u r n s  p r i o r  t o  t e r m i n a l  d e s c e n t  a r e  shown in  
F i g u r e s  5. 6 - 3  th rough  5. 6-9. It is a p p a r e n t  f r o m  a r e v i e w  of F i g u r e  5 . 6 - 3  
tha t  a s ign i f i can t  l a g  i n  p r e s s u r i z a t i o n  of t h e  o x i d i z e r  s y s t e m  w a s  o b s e r v e d  
o v e r  t h e  t i m e  t o  p r e s s u r i z e  t h e  f u e l  s y s t e m  a t  squ ib  f i r i ng .  
F i g u r e s  5 . 6 - 3  t h r o u g h  5. 6-8  s h o w s  that d u r i n g  the  v e r n i e r  b u r n s ,  h o w e v e r ,  
t h e  p r e s s u r e  i n  t h e  o x i d i z e r  l i n e  a n d  t h e  f u e l  l i ne  behaved  s i m i l a r l y .  S i n c e  
S u r v e y o r  V w a s  the  f i r s t  s p a c e c r a f t  to  e m p l o y  a f u e l  l i ne  t r a n s d u c e r ,  a com-  
p a r i s o n  of s p a c e c r a f t  1 th rough  4 cannot  be  d i r e c t l y  m a d e .  
p r e v i o u s  s p a c e c r a f t ,  o x i d i z e r  l i ne  p r e s s u r e  r e a c h e d  p o s t s q u i b  f i r i n g  lockup 
wi th in  1 to 2 s e c o n d s ,  whi le  on  S u r v e y o r  V, t h e  o x i d i z e r  s y s t e m  r e q u i r e d  
8 s e c o n d s  t o  b e c o m e  p r e s s u r i z e d .  
S u r v e y o r  V f l igh t  a c c e p t a n c e  t e s t i n g  f a i l ed  t o  r e v e a l  a n y  c l u e  as  t o  the  c a u s e  
of the  d i f f e r e n c e  in  i n i t i a l  p r e s s u r i z a t i o n  r a t e s .  

R e v i e w  of 

H o w e v e r ,  on 

Rev iew of s p a c e c r a f t  t e s t i n g  d u r i n g  

While  no s ign i f i cance  is  
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a t t a c h e d  to  the  phenomenon ,  i t  is c i t ed  a s  unexpec ted .  
ble t o  exp la in  the  behav io r  is tha t  the o x i d i z e r  c h e c k  va lve  w a s  s t i ck ing ,  which 
t h r o t t l e d  t h e  he l ium flow t o  t h e  o x i d i z e r  s i d e  of t h e  s y s t e m .  
t h e  t h r o t t l i n g  r a t e  a p p r o a c h  a va lue  su f f i c i en t  t o  in f luence  o x i d i z e r  r e g u l a t e d  
p r e s  s u r e .  

One  r a t i o n a l e  availa- 

At no t ime did 

Table 5. 6 - 1  l i s t s  the t ime of o c c u r r e n c e  of t h e  m a j o r  e v e n t s  c o n c e r n -  
ing o r  in f luenc ing  the  v e r n i e r  eng ine  s y s t e m .  

T A B L E  5.6-1.  SURVEYOR V P R O P U L S I O N  E V E N T S  

Event 

Pr e s s u r i z e  
p r o p e l l a n t  t anks  

Eng ine  b u r n  1 

E n g i n e  b u r n  2 

E n g i n e  b u r n  3 

E n g i n e  b u r n s  

4A 

4 B  

4 c  

E n g i n e  b u r n  5 

Eng ine  b u r n  6 

Eng ine  b u r n  
t e r m i n a l  d e  scen t  

14-foot  m a r k  
( e n g i n e s  off) 

Touchdown 

GMT, 
dav :h r :min :  s e c  

2 52: 0 1 :42: 2 8 

2 52: 01: 45: 02 

252: 02: 12: 02 

252:OZ: 39:51 

252:04: 18:48 

252:04: 1 9 : O Z  

252:04: 19:03 

252: 08: 24: 04  

252:23:30:58 

2 54: 00: 44: 5 1 

254:00:46:42 

2 54: 00: 46 : 44  

M i s s i o n  T i m e ,  
h r : m i n :  sec  

17:45:27 

17:48: 0 1  

18:15:01 

18:42:50 

20: 2 1:47 

20: 22: 0 1 

2 0: 2 2 :  02 

24: 2 7: 0 3 

39:33: 57 

64:47:50 

64: 49: 4 1 

64:49:  4 3  

Eng ine  B u r n  
T ime ,  s e c o n d s  

- 

14. 3 

10. 1 

23. 1 

12. 1 

0. 5 

0. 5 

33. 1 

5. 5 

111  
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a) Engine 1 

a 
8 
I 

b)  Engine 2 

I 
1 c )  Engine 3 

F i g u r e  5.6-2.  Thrust  Command - Termina l  Descent 
5.6-7  omo our 
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a)  Helium P r e s s u r e  (P l )  

b )  Oxidizer  P r e s s u r e  (P2)  c )  Vernier  Line Fuel P r e s s u r e  (P26)  

F i g u r e  5. 6-3.  Vern ier  Propuls ion Sys tem P r e s s u r e s  a t  Squib Releasel 
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0. I. 

a )  Helium P r e s s u r e  (PI) 

e r n  
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l a) Helium P r e s s u r e  (Pl)  
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b) Oxidizer P r e s s u r e  (P2)  

Figure 5. 6-5.  

c )  Vernier Line Fuel  P r e s s u r e  ( P 2 6 )  

Vernier Burn 2 ;  Vernier Propulsion System P r e s s u r e s  
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a)  Helium P r e s s u r e  (Pl)  

b) Oxidizer  P r e s s u r e  (P2)  

c )  Vernier  Line F u e l  P r e s s u r e  (P26) 

F i g u r e  5.6-6.  Vern ier  B u r n  3 ;  Vernier  Propuls ion  Sys tem P r e s s u r e s  

5. 6 -12  
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a)  Helium P r e s s u r e  (Pl)  

b) Oxidizer P r e s s u r e  (P2)  c )  Vernier  Line Fue l  P r e s s u r e  ( P 2 6 )  

F igu re  5. 6-7. Vern ier  Burn  4; Vernier  Propuls ion Sys tem P r e s s u r e s  
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a) Helium P r e s s u r e  (Pl) 

b)  Oxidizer P r e s s u r e  ( P 2 )  

c )  Vernier Fuel  Line P r e s s u r e  (P26)  

F igure  5.6-8.  Vernier Burn 5; Vernier Propulsion System P r e s s u r e s  

5. 6 - 1 4  

D 
8 
I 

I 
0 
I 

I 
I 
t 
8 



a) Helium P r e s s u r e  (Pl) 

b) Oxidizer P r e s s u r e  (P2)  

c )  Vernier  Fuel  Line P r e s s u r e  (P26) 

F igure  5.6-9. Vernier  Burn 6; Vernier Propulsion System P r e s s u r e s  
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5 . 6 . 4  SUBSYSTEM PERFORMANCE ANALYSIS 

5. 6. 4. 1 P re l aunch  

F i n a l  propuls ion p r e p a r a t i o n s  f o r  the  S u r v e y o r  V launch w e r e  begun 
on 2 1  August  when propel lan t  loading of the  v e r n i e r  s y s t e m  w a s  ini t ia ted.  
( M i s s i o n  desc r ip t ive  m a t e r i a l  i s  f r o m  R e f e r e n c e  3 .  ) 
loadings  are  given in T a b l e  5 . 6 - 2  and show tha t  t he  s p a c e c r a f t  w a s  loaded 
within the  specif ied t o l e r a n c e  in  R e f e r e n c e  4 .  

The  d e s i r e d  and ac tua l  

TABLE 5 .6  -2. SURVEYOR V P R O P E L L A N T  LOADING 

T o t a l  loaded g r o s s  

3 a  loading to l e rance  

Offload 

T o t a l  loaded net 

Unusable  at O°F 

To ta l  u s a b l e  

P r e d i c t e d  a t  
1 0 5 " F ,  pounds 

3x id  i z e r  

109. 79 

0. 7 5  

0 

109. 04  

1. 29 

107. 75  

F u e l  

75. 08 

0. 75  

0 .  

74 .33  

0. 86 

73 .47  

P r e d i c t e d  a t  
7 0 " F ,  pounds 

Oxid ize  r 

113. 39 

0. 7 5  

3. 6 0  

109. 0 4  

1. 29  

107. 7 5  

F u e l  

76. 57 

0. 75  

1. 49 

7 4 . 3 3  

0. 86 

73 .47  

Actua l  at 
7 0 " F ,  pounds  

Ox id ize r  

118. 84  

0. 75 

9. 04  

109. 05 

1. 29 

107. 76 

F u e l  

75. 81 

0. 75 

0. 68 

74. 38 

0. 86 

73. 52 

T h e  hel ium t ank  w a s  c h a r g e d  on 29 August  with 2. 41 pounds of hel ium. 
P r e l a u n c h  t e l e m e t r y  r e a d i n g s  of t he  t ank  t e m p e r a t u r e  and p r e s s u r e  w e r e  

0 1  
II 
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8 
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I 
I 

t aken  o v e r  a 6 -day  per iod .  T h e s e  d a t a  ind ica te  a he l ium leakage  r a t e  of 123 E std c c / h o u r ,  well.w-ithin the l i m i t  of 237 std c c / h o u r  ca l led  out-in R e f e r e n c e  2. 

I 
I 
8 

5.6. 4 .2  Launch ( L - 2  H o u r s  t o  L t 3 4  M i n u t e s )  

P r e l a u n c h  mon i to r ing  of the  propuls ion  s y s t e m  w a s  in i t ia ted  at 22:42 
P D T  on 7 Sep tember  1967. At tha t  t ime ,  the he l ium t ank  p r e s s u r e  and t e m -  
p e r a t u r e  w e r e  5'194 psia and 6 9 " F ,  r e spec t ive ly .  At launch,  the  p r e s s u r e  
had i n c r e a s e d  to 5342 psia, and the  t e m p e r a t u r e  w a s  a p p r o x i m a t e l y  8 3 ° F .  
Al l  o t h e r  propuls ion p a r a m e t e r s  w e r e  a l s o  within the  r a n g e  spec i f ied  f o r  
launch  conditions.  T h e  p r e l a u n c h  condi t ions  of t h e  propuls ion  s y s t e m  a r e  
shown in T a b l e  5. 6 -3 .  

5. 6-16 



T A B L E  5 .6-3 .  CRITICAL T I M E  V P S  P A R A M E T E R S  

I 

Bit K<i tc :  
Mod e : 
G M T :  
Launch T in ie :  

He l ium t ank  p r e s s u r e ,  p s i a  

O x i d i z e r  l ine  3 p r e s s u r e ,  p s i a  

Upper  r e t r o  t e m p e r a t u r e ,  "F 
O x i d i z e r  l ine  2 t e r i ipera t i i re ,  "E' 

F u e l  t a n k  2 t e m p e r a t u r e ,  " E '  

O x i d i z e r  t ank  3 t e m p e r a t u r e ,  " F '  

T C A  1 t e m p e r a t u r e ,  " E '  

O x i d i z e r  l ine  1 t e n r p e r a t u r e ,  "I. 

O x i d i z e r  l ine  3 t e m p e r a t u r e ,  "I.' 

T C A  2 t e m p e r a t i i r e ,  "F 
T C A  3 t e n i p e r a t u r e ,  "F 
Lower  r e t r o  t e ~ i i p c ~ r a t i i r < ~ ,  L. 

F u e l  t a n k  1 te r i rperd ture ,  "I.' 

F u e l  t a n k  3 t e m p e r a t u r e ,  "F 
O x i d i z e r  t ank  1 t e m p e r a t u r e ,  " E '  

O x i d i z e r  t a n k  2 t e m p e r a t u r e ,  "E 
I l e l ium tank  t e m p e r a t u r e ,  " F  

R e t r o  nozz le  tenrpe ra ta r t : ,  " E '  

F u e l  l i ne  1 t e m p e r a t u r e ,  " F '  

F i l e 1  litre L t e i i i pe ra tu re ,  " h '  

Eke1 l i ne  3 t e n i p e r a t u r r . ,  O F '  

F u e l  l i ne  2 p r e s - u r e ,  11sr.i 

P- 1 

P-2 
€3 - 3 

P-4  

P - 5  

!-'-6 

1'-7 

P -8  

P - 9  
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11-11 

f > - l '  
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P - 1 4  

P - 1 5  

I-'-16 

P - 1 7  

I ' - L L  
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1 ' - 2 4  

1 '-25 

1'-26 

Laiinch 
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5 
0 7 . 5 5  
0 . 0 2  

5 342 

264 

73  

8 L  

7 .I 

75  

8 3  

83 

83 

8.4 

H3 

i t ,  

7 5  

75  

75 

73 

83 

HU 

8: 

F're F i r s t  h l idcour se  

1 100 
5 
0 0 : 5 0 
16:5  3 

526 1 

23  3 

71 

71 

42 

4 5  

56 

L 9 
22 

66 

b ( 1  

i l ,  

57 

57 

46 

: 4 

77 

- 1 2 1  

11 

1100 
2 
1 :03  
17:Oh 

11 00 
1 
1:06 
17:09 

1187 

2 4 0  

1 '1 

56 

2 ' j  

23 

66 
6 8 

LG' 

P r e t  e r im in a 1 De s c e nt 

350 
5 
2230 
62 :33  

847 

823  

643  

19 

26 

35  

6 0  

L9 
21 

67  

6 8  

1 3  

57 

52 

40 

15  

80 

-122  

23 

550 
1 
2237 
62:40  

8 36 

815  

19 

6 0  

28  

23  

7 0  

67  

550 
2 
2235 
6 2 ~ 3 8  

26 

3 5  

42 

52 

4 0  

15 

50 

5. 6. 4. 3 C o a s t  P h a s e  1 (LA 3 4  Minutes  t o  L t  1 7  Hours) 
- -- .... - 

Fol lowing  launch ,  a n  a s s e s s m e n t  of t he  p r o p u l s i o n  func t ions  w a s  
m a d e  and  a l l  cond i t ions  w e r e  no rma l .  
m a t e l y  a s  p red ic t ed .  
a t  L t  1 hour  and 5 0  m i n u t e s  (251:09:52 G M T )  a n d  t h e  h e a t e r  s t a r t e d  cyc l ing  
be tween  19" and 2 2 ° F  a t  t ha t  t i m e .  At  Lt6 h o u r s  and 14 m i n u t e s  (251:14:11 
G M T ) ,  t h e  l e g  3 o x i d i z e r  l i ne  t e m p e r a t u r e  had  d e c r e a s e d  t o  2 1 ° F .  T h e  
h e a t e r  s t a r t e d  cyc l ing  be tween tha t  t e m p e r a t u r e  and  25" F. 

All t e m p e r a t u r e s  d e c r e a s e d  a p p r o x i -  
T h e  l e g  2 ox id izer  l i ne  t e m p e r a t u r e  d e c r e a s e d  t o  1 9 ° F  

T e n  h o u r s  a f t e r  launch ,  the h e l i u m  t ank  p r e s s u r e  had s t ab i l i zed  a t  
5161  p s i a ,  and the  t a n k  t e m p e r a t u r e  w a s  7 8 ° F .  
d e c r e a s e d  no r rna l ly  i ro rn  2 6 4  p s i a  a t  l aunch  t o  2 4 3  p s i a  a t  252 :00 :50  GMT. 
T h e  l e g  2 f u e l  p r e s s u r e  d e c r e a s e d  n o r m a l l y  f r o m  2 6 5  psia a t  l aunch  to  2 6 2  
p s i a  a t  252 :01 :06  GMT.  

T h e  l eg  3 o x i d i z e r  p r e s s u r e  
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Dur ing  t h i s  pe r iod ,  two t h r e e  -axis g y r o  d r i f t  checks  w e r e  p e r f o r m e d .  
T h e  shadow pa t t e rn  changes  r e s u l t i n g  f r o m  t h e s e  c h e c k s  v a r i e d  the  leg 2 
t h r u s t  chamber  assembly t e m p e r a t u r e  f r o m  45" t o  7 5 " F ,  we l l  within n o r m a l  
t r a n s i t  l i m i t s .  T h e  s tab i l ized  leg 1 and leg  3 t h r u s t  c h a m b e r  a s s e m b l i e s  
t e m p e r a t u r e s  w e r e  56" and 6 9 " F ,  r e spec t ive ly .  

F i r s t  Midcour  s e  

Engine Number  Pr e d ic  t ed :; Ac t ua 1 :: ::: 

1 76. 4 7 9 . 2  
2 7 3 . 4  7 3 . 1  
3 71. 1 67. 2 

T o t a l  220 .9  219. 5 

T h e  p r e m i d c o u r s e  condi t ions of the  p ropu l s ion  s y s t e m  a r e  shown in  
T a b l e  5. 6-3.  

T e r m i n a l  Descen t  

Actual::::: ' P r e d  i c t e d :k 

59. 5 59. 9 
52. 0 51. 3 
40. 0 41. 0 

151. 5 152. 2 

5. 6. 4 . 4  Midcour se  ( L t  17 H o u r s  to  L t  1 9  H o u r s )  

Midcourse  p r e p a r a t i o n  of the  v e r n i e r  s y s t e m  w a s  ini t ia ted a t  
252:01:42:28 CMT, when the  he l ium r e l e a s e  squ ib  w a s  ac tua ted .  The  noted 
he l ium p r e s s u r e  d r o p  a t  squ ib  ac tua t ion  w a s  182 p s i  a s  c o m p a r e d  with a 
p red ic t ed  value of 155 psi .  
of 14. 2 5  seconds w a s  ini t ia ted 2 m i n u t e s  and 34 seconds  l a t e r .  
t o  the appa ren t ly  n o r m a l  shutdown, i t  w a s  noted tha t  the  he l ium t ank  p r e s s u r e  
w a s  dropping  at a r a t e  of approx ima te ly  10 p s i / m i n ,  and i t  a l s o  a p p e a r e d  tha t  
t he  ox id ize r  o r  fue l  r e l i e f  va lves  w e r e  vent ing.  T h i s  condition w a s  ind ica t ive  
of a f a i l u r e  of the r egu la to r  to  lock u p  the  p rope l l an t  tank  p r e s s u r e .  
suspec ted  cause  of the  p r o b l e m  w a s  tha t  f o r e i g n  m a t e r i a l  had lodgedon the  
he l ium regula tor  s ea t ,  thus  prevent ing  r e g u l a t o r  lockup with the  r e s u l t  t ha t  
he l ium w a s  leaking th rough  the  r e g u l a t o r ,  into the  p rope l l an t  t a n k s ,  and  
i n c r e a s i n g  the  propel lan t  t ank  p r e s s u r e  to  t h e  r e l i e f  valve c r a c k i n g  leve l .  

(See  F i g u r e  5. 6 -10 .  ) T h e  m i d c o u r s e  c o r r e c t i o n  
Subsequent  

The  

T h e  he l ium p r e s s u r e  h i s t o r y  du r ing  e a r t h - l u n a r  t r a n s i t  is shown in  
F i g u r e  5. 6-11.  

Ignition of a l l  t h r e e  eng ines  w a s  smoo th  and we l l  con t ro l l ed .  
a v e r a g e  c o r r e c t e d  commanded t h r u s t  l e v e l s  f o r  t h r u s t  c h a m b e r  a s s e m b l i e s  
1,  2 ,  and 3, de t e rmined  f r o m  t e l e m e t r y ,  a r e  shown in Tab le  5. 6-4.  T h e s e  
va lues  a g r e e  with the p red ic t ed  l e v e l s  f o r  e a c h  t h r u s t  c h a m b e r  a s s e m b l y  
within 4 pounds and within 1. 4 pounds f o r  t he  t h r u s t  total .  

T h e  

TABLE 5.6-4.  VERNIER ENGINE THRUST LEVELS (POUNDS)  

:$ 
P e r  R e f e r e n c e  5. 

C o r r e c t e d  f o r  t h r u s t  c o m m a n d  of fse t  b e f o r e  m a n e u v e r .  
4, 4, -. I,. ' 

5. 6-18  



Figure  5 .6  - 10. Predicted Helium Tank 
P r e s s u r e  Decay at Squib P r e s s u r e  

F i g u r e  5. 6-11. Helium Tank P r e s s u r e  Versus  T ime  

c 

5.6-19 



On the a s s u m p t i o n  tha t  fo re ign  m a t e r i a l  on the  r e g u l a t o r  s e a t  w a s  the  
c a u s e  of the leakage ,  it w a s  r e c o m m e n d e d  tha t  the  v e r n i e r  s y s t e m  be f i r e d  
aga in  a s  soon a s  poss ib l e  to u n s e a t  the  r e g u l a t o r  and  a t t e m p t  t o  d i s lodge  a n y  
m a t e r i a l  p revent ing  the r e g u l a t o r  f r o m  sea t ing  p r o p e r l y .  

T h e  v e r n i e r  s y s t e m  w a s  f i r e d  aga in  a t  252:OZ: 12 GMT for  10. 05 s e c  - 
onds .  The  f i r ing  w a s  conducted a long  the  sunl ine  t o  save  t i m e .  Subsequent  
to  t e rmina t ion  of the  burn ,  t he  he l ium r e g u l a t o r  aga in  fa i led  t o  lock u p  and 
the  propel lan t  t ank  p r e s s u r e s  i n c r e a s e d  to  the r e l i e f  valve c r a c k i n g  p r e s s u r e  
and  began t o  vent ,  as  noted be fo re .  

I t  w a s  dec ided  t o  f i r e  the  v e r n i e r  s y s t e m  aga in  in  a second  a t t e m p t  
t o  r e s e a t  t h e  hel ium regu la to r .  
va r i a t ion ,  the f i r i ng  w a s  conducted 180 d e g r e e s  f r o m  the  sunl ine.  T h i s  t h i r d  
f i r i n g  w a s  conducted a t  252:02:40 GMT. 
du ra t ion  and w a s  n o r m a l  in all a s p e c t s .  Again,  however ,  the  he l ium r e g u -  
l a t o r  fa i led to r e s e a t  and l eakage  w a s  noted o v e r b o a r d  th rough  one  of t he  
r e l i e f  va lves .  

TO p a r t i a l l y  c o r r e c t  f o r  the  landing s i t e  

T h e  f i r ing  w a s  of 23. 0 5 - s e c o n d s  

5 .6 .4 .  5 Coas t  I1 I L t 1 9  H o u r s  t o  L t 6 3  H o u r s  30 Minu tes )  

Following the  th i rd  f i r i ng ,  i t  w a s  dec ided  by Miss ion  C o n t r o l  t o  
p r e p a r e  the  spacec ra f t  f o r  poss ib l e  in jec t ion  into e a r t h  orb i t .  Addi t ional ly ,  
a fou r th  f i r i ng  of the v e r n i e r  s y s t e m  w a s  o r d e r e d  in a n o t h e r  a t t e m p t  t o  
r e s e a t  the  he l ium r e g u l a t o r  and to a d j u s t  t he  luna r  landing s i t e  in the  even t  
tha t  the  r egu la to r  did r e s e a t  the  he l ium r e g u l a t o r .  

T h e  four th  f i r i n g  of the  v e r n i e r  s y s t e m  w a s  executed  at  252:04:19 GMT. 
Or ig ina l ly  planned for a du ra t ion  of 14. 1 seconds ,  the  ac tua l  du ra t ion  w a s  
12. 0 s econds  followed by tw.0 0. 5 -second b u r n s  a t  1 - second  i n t e r v a l s .  T h e  
modi f ica t ion  w a s  a f u r t h e r  u n s u c c e s s f u l  a t t e m p t  to r e s e a t  the  he l ium 
regu la to r .  

At approx ima te ly  t h i s  s a m e  t i m e ,  it was  hypothes ized  tha t ,  if  enough 
p rope l l an t  w a s  bu rned  t o  l ighten the  s p a c e c r a f t  and r e d u c e  t h e  r e t r o  burnout  
ve loc i ty ,  and if r e t r o  ignit ion w a s  de layed  t o  a lower  than nomina l  a l t i t ude ,  
a sof t  landing might  s t i l l  be poss ib l e .  Ca lcu la t ions  a t  the S F O F  and s p e c i a l  
t e s t i n g  conducted a t  JPL E d w a r d s  and Hughes  P l a c e r i t a  T e s t  F a c i l i t y  tended  
t o  conf i rm this.  

I t  w a s  decided t o  conduct a n o t h e r  v e r n i e r  f i r i ng  to  r e d u c e  the  amount  
of propel lan t  on boa rd  the  spacec ra f t .  
w a s  success fu l ly  conducted a t  252:08:24 GMT. 

T h i s  f i r i ng ,  of 33 - seconds  du ra t ion ,  

Approximate ly  15  h o u r s  l a t e r ,  ano the r  f i r i n g  w a s  dec ided  upon t o  
f u r t h e r  r educe  t h e  s p a c e c r a f t  burnout  weight  and ve loc i ty  and to  s l igh t ly  
change  the  lunar  a iming  point.  T h i s  f i r i ng ,  of 5. 5 - seconds  du ra t ion ,  w a s  
s u c c e s s f u l l y  conducted at 252:23:31 GMT. 
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With t h e  exception of the  hel ium r e g u l a t o r  anomaly ,  al l  o the r  p r o -  
pu ls ion  p a r a m e t e r s  w e r e  n o r m a l  throughout c o a s t  phase  11. Subsequent  to  
t h e  s ix th  f i r i ng ,  the  he l ium p r e s s u r e  indicated 890 psi .  I t  decayed s lowly 
to  the  r e l i e f  va lve  r e s e a t  p r e s s u r e  ( a p p r o x i m a t e l y  810 t o  820 psia).  
253:2C!:C!6 GMT, a fir?al r e t r o  bu rn t ime  (T3500)  of 39. 06 seconds  was  given 
t o  F P A C .  
igni t ion of 52. 5°F. 

At 

T h i s  t i m e  w a s  based  on  a p red ic t ed  r e t r o  bulk t e m p e r a t u r e  a t  

5.6.  4 .6  T e r m i n a l  D e s c e n t  (L+63 H o u r s  30 Minu tes  to L t 6 5  H o u r s )  

T e r m i n a l  o p e r a t i o n s  w e r e  in i t ia ted  at 253:23: 50 GMT when t r a n s  - 
m i t t e r  f i l a m e n t s  w e r e  t u r n e d  on. 

T h e  pre igni t ion  m a n e u v e r s  w e r e  uneventful.  AMR m a r k  w a s  i n d i -  
c a t e d  a t  254:00:44:39, v e r n i e r  ignition a t  00:44:51.4, and r e t r o  ignit ion a t  
00:44:52.4 GMT a s  p r o g r a m m e d .  T h r u s t  l eve l s  d u r i n g  r e t r o  b u r n  a r e  shown 
in  T a b l e  5. 6-4.  
touchdown the  he l ium,  o x i d i z e r ,  and fue l  t ank  p r e s s u r e s  w e r e  a p p r o x i m a t e l y  
560 psia. 

He l ium t ank  p r e s s u r e  at v e r n i e r  ignit ion was  836 ps ia .  At 

Dur ing  s e g m e n t  acquis i t ion,  t he  l eg  1 t h r u s t  c h a m b e r  a s s e m b l i e s  m a y  
have  gone into p r e s s u r e  sa tura t ion  as  evidenced by the  fu l l - sca l e  t h r u s t  
c o m m a n d  on tha t  t h r u s t  c h a m b e r  a s s e m b l y  ( F i g u r e  5 .6-2) .  

All o t h e r  propuls ion  p a r a m e t e r s  w e r e  n o r m a l  and touchdown o c c u r r e d  
a t  00:44:48 GMT. 
shown in Tab le  5 .6-3 .  

The  preigni t ion condi t ions  of t he  propuls ion  s y s t e m  a r e  

The  r e t r o  burn to ta l  t h rus t  l e v e l  of 151. 5 pounds a g r e e s  we l l  with 
the  152. 2-pound t h r u s t  p red ic t ed  ( T a b l e  5 .6  -4). 

Hel ium and ox id ize r  p r e s s u r e  h i s t o r i e s  u p  t o  touchdown a r e  shown 
in F i g u r e  5.6-12.  F u e l  p r e s s u r e  is not r e c o r d e d  in t h e  d e s c e n t  mode .  

P r o p e l l a n t  u sage  is shown in T a b l e  5. 6-5.  A c o m p a r i s o n  of p red ic t ed  
and a c t u a l  v e r n i e r  s y s t e m  t e m p e r a t u r e s  is given in  T a b l e  5. 6-6. 
p e r a t u r e  p r e d i c t i o n s  w e r e  s a t i s f a c t o r y  excep t  f o r  the  leg 3 f u e l  l ine.  
t e m p e r a t u r e  p red ic t ion  w a s  15 t o  30 d e g r e e s  too  low, but we l l  within the  
p ropu l s ion  s y s t e m  l i m i t s  of 0" to  100°F .  
the  f i r s t  t i m e  on t h i s  spacec ra f t .  

All  t e m -  
The  

T h i s  p a r a m e t e r  w a s  m e a s u r e d  f o r  

5. 6. 4. 7 F i r s t  L u n a r  D a y  

At l u n a r  touchdown, the hel ium t ank  p r e s s u r e  and t e m p e r a t u r e  w e r e  
S ince  the g a s  s y s t e m  w a s  in  a blowdown m o d e  at touch-  560 p s i a  and 58°F. 

down, t h e  ox id ize r  and fue l  sys t em w e r e  also at a p p r o x i m a t e l y  the  s a m e  
p r e s s u r e .  Fol lowing touchdown, it w a s  r e c o m m e n d e d  tha t  he l ium not be 
dumped as s t a t i c  fire o p e r a t i o n s  w e r e  u n d e r  cons ide ra t ion .  A s u c c e s s f u l  
s t a t i c  f i r i ng  w a s  accompl i shed  approx ima te ly  55 h o u r s  a f t e r  touchdown a t  
256:05:38 GMT. 
du ra t ion .  T h r u s t  l e v e l s  indicated w e r e :  l eg  1 = 22 pounds ,  l e g  2 = 17 pounds,  
and leg  3 = 26 pounds.  

Al l  eng ines  f i red  f o r  0. 5 second,  t he  commanded  burn  
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T A B L E  5 . 6 - 5 .  P R O P E L L A N T  USAGE 

E v e n t  

Fir st eng ine  b u r n  

Second eng ine  bu rn  

T h i r d  eng ine  b u r n  

F o u r t h  eng ine  b u r n  

F i f t h  eng ine  b u r n  

S ix th  eng ine  b u r n  

T e r m ina  1 d e s c e n t :: 

T o t a l  p r o p e l l a n t  u s e d  

P r o p e l l a n t  r e m a i n i n g  a t  
touchdown 

P r ope  l lan t  U s e d  , 
pounds  

11. 3 

8. 0 

18. 2 

10. 3 

26. 2 

4. 3 

6 0 . 1  

1 3 8 . 4  

4 5 . 0  

.L -0- 

A s s u m i n g  t h a t  all e n g i n e s  w e r e  o p e r a t i n g  a t  t h e  c o r r e c t  
m i x t u r e  r a t i o .  

H e l i u m ,  o x i d i z e r ,  and fue l  p r e s s u r e  all  g r a d u a l l y  i n c r e a s e d  d u e  to  

F i g u r e  5. 6 - 1 3  i s  a p lo t  of all t h r e e  p r e s s u r e s  
l u n a r  hea t ing .  
130  h o u r s  after touchdown.  
d u r i n g  t h e  luna r  day .  

T h e  o x i d i z e r  p r e s s u r e  r e a c h e d  a m a x i m u m  of 856 p s i a  abou t  

At  261:13 GMT,  a d e c r e a s e  i n  o x i d i z e r  s y s t e m  p r e s s u r e  w a s  noted .  

A s  t h e  o x i d i z e r  p r e s s u r e  d e c r e a s e d ,  t he  h e l i u m  p r e s s u r e  began  t o  
O x i d i z e r  p r e s s u r e  decayed  f r o m  812 t o  328 p s i a  o v e r  a p e r i o d  of abou t  55  
h o u r s .  
t r a c k  t h e  o x i d i z e r  t anks .  T h e  o x i d i z e r  p r e s s u r e  d e c r e a s e  c e a s e d  a t  263:21 
and  t h e r e a f t e r  the p r e s s u r e  c o r r e s p o n d e d  t o  the  v a p o r  p r e s s u r e  in the  l e g  3 
t a n k  as expec ted .  C o n c u r r e n t  w i th  the  p r e s s u r e  d e c r e a s e ,  a 1 0 0 ° F  d r o p  in  
t h e  l e g  1 ox id ize r  t e m p e r a t u r e  and  a 3 0 ° F  d r o p  i n  l e g  1 o x i d i z e r  l i ne  t e m -  
p e r a t u r e  o c c u r r e d .  T h e  p r e s s u r e  a n d  t h e r m a l  d a t a  a r e  c o n s i s t e n t  with a n  
o x i d i z e r  l e a k  f r o m  the  l e g  1 o x i d i z e r  t ank .  

H e l i u m  p r e s s u r e  r e m a i n e d  a p p r o x i m a t e l y  cons t an t  un t i l  254:  13 GMT 
when a p r e s s u r e  d e c r e a s e  w a s  noted  in t h e  fue l  s y s t e m .  At  t h i s  t i m e ,  f u e l  
s y s t e m  p r e s s u r e  w a s  740 ps i a .  
of 20  h o u r s .  As t h e  f u e l  s y s t e m  p r e s s u r e  d e c r e a s e d ,  i t  ven ted  t h e  h e l i u m  
t a n k  such  t h a t  both r e a c h e d  0 p s i a  a t  the  same t i m e .  

T h i s  p r e s s u r e  d r o p p e d  t o  z e r o  o v e r  a p e r i o d  

T h e  fue l  p r e s s u r e  loss  
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a) Helium P r e s s u r e  (Pl) 

b) Oxidizer P r e s s u r e  (P2) 

Figure  5.6-12. Terminal  Descent Vernier Propulsion System P r e s s u r e s  
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i s  thought t o  be due to a g a s  s ide  s e a l  l eakage .  
t o  sea1 degrada t ion  with subsequent  fa i lure  due  to the  high t e m p e r a t u r e s  s e e n  
d u r i n g  the l u n a r  day.  

T h e s e  l eakages  a r e  a t t r i bu ted  

Shor t ly  a f t e r  sundown a t  268:04:20 GMT,  the  he l ium d u m p  command  
was trzfism-it ted i n  a n  a t t empt  t o  j a r  the s p a c e c r a f t  and open a c losed  t h e r m o -  
swi t ch  in  one  of the  e l e c t r o n i c  c o m p a r t m e n t s .  
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A P P E N D I X  A 

TO SECTION 5. 6 

HELIUM REGULATOR FAILURE 

INTRODUCTION 

Surveyor  V experienced a malfunction in the helium p r e s s u r i z a t i o n  
s u b s y s t e m  dur ing  the fl ight of t h e  spacecraf t  to  the  moon. T h i s  malfunction 
o c c u r r e d  at the t i m e  of helium pressur iza t ion  of the v e r n i e r  propuls ion sub-  
s y s t e m  j u s t  p r i o r  to the midcourse  c o r r e c t i o n .  
c o u r s e  c o r r e c t i o n  that  the  helium p r e s s u r e  was d e c r e a s i n g ,  which is a n  
a b n o r m a l  condition, and a review of the d a t a  suggested the helium regula tor  
had a n  in te rna l  l e a k ,  i n c r e a s i n g  the d o w n s t r e a m  p r e s s u r e  and causing the 
rel ief  valves  to  vent  to space .  
c o r r e c t  the regula tor  in te rna l  leakage condition. 

It was noted a f t e r  the  m i d -  

Subsequent v e r n i e r  engine f i r ing  f a i l ed  to  

Analysis  of the  s p a c e c r a f t  sys tem p e r f o r m a n c e  capabi l i t ies  was  m a d e ,  
and the  t e r m i n a l  descent  phase of t h e  m i s s i o n  was redesigned during the 
r e m a i n d e r  of the t r a n s i t  phase.  The spacecraf t  p e r f o r m e d  the t e r m i n a l  
d e s c e n t  and landed successfu l ly .  

. 

Following touchdown, a review c o m m i t t e e  was  establ ished to  d e t e r -  
mine  t h e  c a u s e  of the malfunction, a s  documented on T F R  18263, and m a k e  
recommendat ions  f o r  act ion which would prevent  r e c u r r e n c e  in the SC-  6 and 
SC - 7  fl ights.  
applied to  the act ivi t ies  of the  review commit tee .  This  c o m m i t t e e  was  c o m -  
p r i s e d  of Hughes and JPL personnel .  
ex t rac ted  f r o m  R e f e r e n c e  A 1. 

Management  review a s s e s s m e n t  and d i rec t ion  was  continuously 

The contents of th i s  appendix a r e  

FAILURE CAUSE 

Analys is  of the  data obtained dur ing  the Surveyor  V flight indicates  
that  the  l o s s  of helium high p r e s s u r e  was due to a n  in te rna l  helium l e a k  in 
the he l ium r e g u l a t o r ,  allowing t h e  downst ream p r e s s u r e  to  r i s e  beyond the 
c r a c k  p r e s s u r e  of the oxidizer  o r  f u e l  s y s t e m  rel ief  v a l v e s ,  venting the 
hel ium into s p a c e .  

T h e  Surveyor  P r o j e c t  h a s  reviewed the  d a t a  and r e s u l t s  of s p e c i a l  fail- 
u r e  mode t e s t s  in o r d e r  to de te rmine  the c a u s e  of the f a i l u r e  of the hel ium high 
p r e s s u r e  regula tor .  T h e  conclusion reached by the Surveyor  P r o j e c t  is  that  
t h e  most l ikely c a u s e  of the Surveyor  V regula tor  malfunction w a s  contamina-  
t ion which damaged the helium regulator  valve seat seal. T h i s  could resul t  
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in an internal leak through the regulator ,  causing the outlet p r e s s u r e  to 
increase to a level which will cause the fuel o r  oxidizer relief valve to vent 
into space.  

The source of the contamination is indeterminate s ince no absolute 
method exists for evaluating whether any sys tem is f r ee  of contamination 
par t ic les .  However, Surveyor V experienced four changeouts of check and 
rel ief  valves where such ac t s  of rework were  sources  for  significant additional 
contamination. During solar  thermal  vacuum (STV) tes t s ,  the oxidizer check 
and rel ief  valve assembly was replaced because of a bent s t em on the f i l l  and 
vent valve. 
VPS connections were  open. At a la te r  t ime,  both oxidizer and fuel check and 
relief valve assemblies  were  replaced, due to overheating during STV. While 
the normal  gas  purge was effected during changeout, inaccessibil i ty of the 
assembl ies  because of the dummy re t ro  being in place prevented following the 
normal  changeout procedures .  

Normal g a s  purge through the sys tem was maintained while the 

Following delivery of the spacecraft  to AFETR, the helium regulator 
was checked f o r  proper  operation, and the regulated lockup p r e s s u r e  was 
within specification. At the end of this check, however, the p r e s s u r e  was 
relieved on the high p r e s s u r e  side of the regulator before the downstream 
side; this allowed the gas  to backflow through the regulator sea t .  
valve flow crack p r e s s u r e  tes t  w a s  made next, and again the p r e s s u r e  was 
relieved before the downstream side, and backflow of gas  through the regu- 
la tor  sea t  took place. 

The check 

Following these  checks,  the check valve leak tes t  was performed and 
i t  w a s  discovered that the oxidizer check valve 1ea.ked. Par t iculate  contam- 
ination w a s  believed to be the fai lure  c a u s e ,  probably introduced during the 
previous changeout made under difficult c i rcumstances during STV a t  El 
S eg undo. 

In summary,  the events believed to have contributed to the regulator 
fa i lure  a r e  a s  follows: 

Oxidizer check and relief valve changeout due to bent s t em in STV 

Oxidizer and fuel check and relief valves changed out due to over -  
heating in STV 

Changeout made in  difficult c i rcumstances with dummy r e t r o  
installed 

Gas backflowed through regulator sea t  twice during AFETR 
checkout 

Changeout of contaminated oxidizer check valve without confir-  
mation of lockup p r e s s u r e  following contaminated check valve 
replacement 
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DISCUSSION 

F a i l u r e  Mode Analysis  

F a i l u r e  Modes P o s s i b l e  

1)  Contamination on, o r  contamination scor ing  of, the regula tor  
s e a t  can produce the  type of f a i l u r e  experienced on Surveyor  V ,  
i .  e. , a n  i n t e r n a l  leak through the regula tor .  Although no f a i l u r e  
of th i s  type has  o c c u r r e d  on a regula tor  a s s e m b l y  during any 
S u r v e y o r  s p a c e c r a f t  testing, similar f a i l u r e s  have been  noted on 
o t h e r  components  such as relief va lves ,  check va lves ,  and 
solenoid va lves .  Contaminant protect ion f o r  the rel ief  valve h a s  
previously been  incorporated into Surveyor  V through SC-7 V P S  
s u b s y s t e m s  by adding i n t e g r a l  f i l t e r  a s s e m b l i e s .  No check  and 
rel ief  valve assembly contaminant f a i l u r e s  had been  exper ienced  
s ince  this  incorporat ion.  

S u r g e  valve malfunction could c a u s e  e ros ion  of t h e  regula tor  sea t ,  
resul t ing i n  leakage past the s e a t .  However,  subsequent tes t ing 
of the  regula tor  in which the  s u r g e  valve fa i lure  w a s  induced 
produced l e a k  r a t e s  that w e r e  not sufficient t o  c a u s e  the  type of 
f a i l u r e  experienced on  S u r v e y o r  V .  Additionally, the  e roded  
s e a t  on the T - 2 N  regulator  did not c a u s e  sufficient leakage to 
c o m p r o m i s e  the mission and was  not detected until the  r e g u l a t o r  
w a s  d i s a s s e m b l e d .  Therefore ,  th i s  fa i lure  mode ,  though 
possible ,  is considered m u c h  l e s s  probable  than contamination. 

F a i l u r e  Modes Examined and Discounted 

1) E x c e s s i v e  ex terna l  leakage of fluids f r o m  low p r e s s u r e  s y s t e m -  
If liquid w e r e  leaking, a b n o r m a l  t e m p e r a t u r e s  in area of l e a k  
would resu l t .  If helium g a s  w e r e  leaking f r o m  the  low p r e s s u r e  
s y s t e m ,  both high and  low he l ium p r e s s u r e  would decay a s y m p -  
tot ical ly  toward z e r o  after the high p r e s s u r e  reached  the propel lant  
tank p r e s s u r e .  Neither of t h e s e  modes  w a s  noted. 

2) Excess ive  e x t e r n a l  leakage of he l ium f r o m  the high p r e s s u r e  
s y s t e m  - T h i s  f a i l u r e  mode would r e s u l t  in s tabi l izat ion of p r o -  
pellant p r e s s u r e s  at regulator  lockup p r e s s u r e  while  he l ium tank  
p r e s s u r e  would decay  to z e r o .  
p r e s e n t  on Surveyor  V.  

T h e  above s y m p t o m s  w e r e  not 
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Regulator m e c h a n i s m  binds o r  is  l o o s e  - S y m p t o m s  of a f a i l u r e  of 
this  type a r e :  1) e r r a t i c  regula t ions ;  2) lockup shift ;  3 )  i f  binding 
is  s e v e r e ,  no regulation; and 4) l eakage .  
regulator  was mechanical ly  functioning and not binding o r  loose .  

F i l te r  damage  f r o m  shock wave when s y s t e m  i s  p r e s s u r i z e d  - 
Contamination would be introduced into the s y s t e m  f r o m  a f a i l u r e  
of t h i s  type. The filter des ign  h a s  been  proven  through ex tens ive  
testing not to be suscept ib le  to  d a m a g e  of th i s  type.  

Shift of relief valve c r a c k  o r  regula tor  lockup p r e s s u r e  could 
cause l o s s  of hel ium if the  shif t  w e r e  to  be l a r g e  enough f o r  
relief valve opera t ing  p r e s s u r e  to  o v e r l a p  the regula tor  lockup 
p r e s s u r e .  

u 
a 
R 
1 

A l l  d a t a  indicate the  

1 Surveyor  V flight data  indicate  a generous  m a r g i n  between the rel ief  
valve r e s e a t  p r e s s u r e  and the regula tor  lockup p r e s s u r e ;  t h e r e f o r e ,  shift  in 
relief valve o r  regulator  set t ings could not have caused  the loss of hel ium in  
the Surveyor  V flight. 

R e s u l t s  of Design Studies and Special  Tes t ing  

Design Difference s 

A detailed design review of the  configuration d i f fe rences  between t h e  
A-21A regulator  f lownonSurveyors  I through 4, and the A21-E regula tor  
flown on  Surveyor  V and instal led on the S C - 6  and SC-7  vehicles  was  c o m -  
pleted.  Both regula tors  a r e  ident ical  in functional r e q u i r e m e n t s  and in  - 

1 detailed des ign  except  f o r  m i n o r  .changes in the  mounting provis ions and the 
o ut1 et po r t. 

Qualification Review 

A n  investigation into the qualification of the des ign  of the hel ium tank 
and valve a s s e m b l y  and its c r i t i c a l  components ,  with p a r t i c u l a r  attention to  
the  qualification tes t ing  of the helium r e g u l a t o r ,  was  completed.  
t igat ion included a complete  rev iew of all engineer ing t e s t  data  and m a n u f a c t u r -  
ing h i s t o r y  of all the detailed components used i n  t h e s e  a s s e m b l i e s .  
was no evidence of component f a i l u r e s  o r  out-of -specif icat ion conditions 
dur ing  the type approval  tes t ing (TAT)  on  both regula tor  configurations o r  
dur ing  any of the fl ight acceptance  t e s t s  of the hel ium tank a s s e m b l y .  
taminat ion (c leanl iness )  r e q u i r e m e n t s  w e r e  reviewed and found to be adequate  
f o r  p r o p e r  value p e r f o r m a n c e .  

T h i s  i n v e s -  

T h e r e  

Con- 

1 
5 
J 
b 

T e s t  Review 

A review of all s p a c e c r a f t  t e s t i n g f o r S u r v e y o r s  I through V w a s  c o m -  
pleted and t h e r e  w e r e  no out-of -specif icat ion p e r f o r m a n c e  conditions r e p o r t e d .  
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Additional t e s t s  to conf i rm the design changes m a d e  between the 
S u r v e y o r  I regula tor  and the Surveyor  V configuration w e r e  completed at the  
v e u d u r ' s  Lest  iaci i i ty  on the s a m e  t e s t  equipment used  f o r  all regula tors  
during acceptance  tes t ing.  T h e s e  t e s t s  a l s o  ver i f ied that the minor  changes 
m a d e  in mounting and  p o r t  configuration had l i t t le  o r  no effect on  the 
u l a t o r ' s  p e r f o r m a n c e .  
within the  p r o c u r e m e n t  specification r e q u i r e m e n t s ,  

r e g -  
Both regula tors  u s e d  in t h e s e  t e s t s  p e r f o r m e d  wel l  

In addition to  the functional t e s t s  p e r f o r m e d  a t  the vendors ,  detai led 
contamination checks w e r e  m a d e  a t  the Hughes El Segundo plant to ver i fy  
that r e g u l a t o r s  of th i s  configuration w e r e  not generat ing contamination which 
could c a u s e  changes in  regula tor  per formance .  
flight tank  s y s t e m  w a s  u s e d  and subjected to  five squib f i r ings .  
f i r ing ,  regula tor  p e r f o r m a n c e  w a s  de te rmined  and found to  b e  w e l l  within 
the  specif icat ion requi rements ,  although the s a m p l e  contaminants leve l  
taken a f t e r  each squib fir ing had a g r a d u a l  i n c r e a s e  in  the population in  e a c h  
of the  par t icu la te  s i z e  r a n g e s .  

In t h e s e  t e s t s ,  a s imula ted  
Af te r  e a c h  

Design Changes Considered 

During the review and subsequent to the completion of the review c o m -  
m i t t e e  r e p o r t ,  s e v e r a l  var ia t ions  in the  design of the hel ium supply s y s t e m  
w e r e  invest igated.  

Additional Valves  

One basic considerat ion was the instal la t ion of a squib-actuated o r  
solenoid-actuated normal ly  open valve a s s e m b l i e s  on  the regula tor  outlet  
s i d e .  If the leakage experienced on S u r v e y o r  V w e r e  to o c c u r ,  the  valve 
could be closed and the  helium p r e s e r v e d  until f inal  t e r m i n a l  d e s c e n t  sequence 
was ac t iva ted ,  at which t i m e  the valve could be opened and the  helium allowed 
to  flow to the fuel  tank a s s e m b l i e s .  
it w a s  de te rmined  that  the  regulator  could not withstand p r e s s u r e s  of 5000 
ps i  on the regulated out le t  s i d e ,  and that  permanent  d i s tor t ion  of the housing 
would o c c u r  with resu l t ing  ex terna l  hel ium leakage.  

T h i s  des ign  concept was  re jec ted  when 

A second design concept considered was  the instal la t ion of solenoid 
va lves  on the outlet  p o r t s  of both the fuel  and oxid izer  re l ief  va lves .  
functional concept ,  t h e s e  would provide a command m e a n s  of venting hel ium 
p r e s s u r e  in the fuel  tank s y s t e m  in c a s e  of leakage  of the regula tor  similar to  
that  exper ienced  on Surveyor  V. In f l ight ,  the  propel lant  tanks could be 
p r e s s u r i z e d  to 1000 p s i  under  c e r t a i n  t e m p e r a t u r e  conditions.  Incorporat ion 
of t h e s e  va lves  would r e q u i r e  S T V  verif icat ion as  wel l  as s ignal  p r o c e s s i n g  
and h a r n e s s  modifications.  
on the S C - 6  and SC-7  schedule ,  the des ign  change was  re jec ted ,  

In 

Because  of the s e r i o u s  impact  tha t  t h i s  would have 
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Link Helium and Nitrogen Systems 

The third design change consideration was the installation of a line between 
the N 2  sys t em and the helium sys tem so  that N2 could be supplied to the high 
p r e s s u r e  side of the helium sys tem on command through charging valve 2 
(CV-2). 
complete redesign of the f i l ter  housing a n d / o r  of the CV-2 control valve 
which i s  normally a closed double sea l  high p r e s s u r e  valve. 
this sys tem,  the valve would have to be left open with only an O-ring a s  a 
pr imary  sea l  for both the N2 and the helium system. 

This system was discarded when it was found that it would requi re  

F o r  use  with 

Inc r ea  s e Relief Valve Setting s 

The fourth design current ly  under investigation is the redesign of the 
spring used in the relief valves s o  that the cur ren t  relief valve configuration 
could be modified to have a higher operating p res su re .  Curren t  valves 
c rack  a t  approximately 825 psi  and resea t  a t  810 psi .  If this p r e s s u r e  is 
ra ised to 900 psi fo r  the cracking p res su re ,  i t  is postulated that a failure 
s imi l a r  to that experienced by the Surveyor V regulator would tend to heal 
itself because the higher back p res su re ,  a s  a resul t  of the change i n  the 
relief valve cracking p res su re ,  would reac t  on the regulator sensing a r e a ,  
thus causing higher sea t  loadings and providing a g rea t e r  distortion of the 
Kynar ma te r i a l  until effective sealing was obtained. 

Currently,  this design change is being reviewed with regard  to the 
t ime schedules,  the availability of the new springs,  and the t ime required 
for  additional type approval tes t s  to verify that the changes in spring m a t e -  
r i a l s  will not degrade the cur ren t  qualification relief valves. 

Manufacturing Changes Cons ide red 

Changes were  considered to improve manufacturing processes  and 
procedures .  
o r  rework of regulators.  
par ts  and incorporation of additional inspection points a t  subassembly and 
assembly levels.  
presently assembled flight equipment. 

These changes wi l l  be implemented into any new procurement  
The changes include polishing of regulator detail  

None were  of sufficient benefit to require  rework of 

Handling and Preparat ion Possible Improvement and Disposition Changeout 
Plans and Rework Cr i te r ia  

1)  Improve hardware changeout plans and techniques to avoid com- 
promising the integrity of the cleanliness of the VPS system. 

2)  Define rework c r i t e r i a  for  pa r t s  that fail  contamination t e s t s .  
Procedures  and planning for reworking contaminated assemblies  
a r e  now approved by Propulsion Engineering before they a r e  
considered acceptable.  
contaminate c r i t i ca l  i t ems  must  now be approved by the Propul- 
sion Task  Manager. This section is required by SQAD 129. 

All procedures  and planning involving 
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Cleaning Techniques,  Checks,  and F i l t e r ing  

1)  Improve contaminate  cleaning techniques and ver i fy  compatibil i ty 
with cont ro l  items. 

- -  A liquid f?uski of ihe reguiator  a s s e m b l y  would c l ean  the unit 
be t te r  than purging with gas  (e i ther  hel ium o r  ni t rogen) .  
liquid f lushes have not been  per formed on these  a s sembl i e s ,  it is 
not known if  a f lush of th i s  type would have any de le te r ious  
effects,  i. e .  , O-ring seal compatibil i ty,  abil i ty to completely d r y  
the unit after flushing, effects  on operat ion of unit, degradat ion 
of lubricants  on seals, e tc .  
it is  recommended that flushing of any  of these  units be withheld 
until completion of a t e s t  p r o g r a m  cur ren t ly  in p r o g r e s s  in  which 
these  effects are  being de termined .  Included in the t e s t  p r o g r a m  
a r e  the following i tems:  functional test, leakage test (internal 
and ex terna l ) ,  f reon  flush, vacuum dry ,  gas  purge,  ambient  s t o r -  
age  t e s t ,  propellant compatibil i ty tes t ,  vibration t e s t ,  combined 
vacuum-high t empera tu re  test, and squib fir ing t e s t .  

Since 

Since these  effects a r e  not known, 

2)  Instal l  a mil l ipore f i l t e r  at inlet  to CV-1, -2,  -3, and -4 of 
the V P S  after assembly  to  r e m a i n  with s y s t e m  until f inal  loading 
of hel ium and propel lants .  In l ieu  of s emipe rmanen t  mi l l ipore  
f i l t e r  installation, p rocedures  have been rev ised  to ins ta l l  
h a r d  l ines  between mi l l ipor  f i l t e r s  and inlets  to the gas  valves .  
Flex l ine connections w i l l  be made  a t  the  f i l t e r  - inlet  por t .  

Filters on SC-7 a t  El Segundo have been  incorpora ted  p e r  PCR 
1679 to HAC Procedure  225869-2. 

F i l t e r s  have been incorporated on SC-6 by planning additions to 
procedures .  F o r  SC-7, the  following PCR s incorpora te  filters 
in the l i s ted  procedures :  

P C R  Hughes P rocedure  - 
1943 
1944 
2546 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
253 9 
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229 134D 
229 155E 
288 10 7G 
2881096 
288117G 
2881186 
2881193 
288127F 
288362D 
2884 15E 
28844 1 F  
288443D 
288492E 
2884 96C 



' 3)  Standardize contamination checks on the VPS components, units, 
and sys tem level tes t s .  
to provide consistent checks f o r  component acceptance,  control 
i tem FAT, and vehicle checks. Revision includes standardization 
of pressures ,  gages used, and t ime and flow ra t e s  s o  that clean- 
l iness of the components can be a s s e s s e d .  ECR 359996 requests  
revisions of the cleaning specification, HAC 2626 13C. 

The cleaning specification is being revised 

Improved Tes t  Procedures  and Cr i te r ia  Considered and Disposition System 
Tes t s  

The following t e s t s  should be added o r  revised into the VPS sys tem 
tes t  program: 

1 )  P e r f o r m  regulator functional and lockup t e s t  a f te r  relief and 
check valve tes t s  

2)  Per form lockup tes t  for  sufficient t ime to determine internal 
leak r a t e  of regulator 

3 )  Per fo rm a g a s  contamination t e s t  of helium supply sys t em 

4 )  Change p res su re  bleed down procedures  to prevent possible back 
flushing of contaminants into regulator 

The preflight checkout tes t  sequence for  SC-6 has been modified to 
give confidence that the helium regulator w i l l  function properly in flight. 
The regulator w a s  tested a s  the final s tep in the vern ier  propulsion (gas)  
sys tem tes t s .  The regulator was subjected to a forward gas  flow test  a t  
high and low flow levels and then a gas  sample was taken to verify the sys tem 
cleanliness.  This check was followed by a 6-hour lockup tes t  and the system, 
then blown down with helium flowing forward through the regulator .  
t es t  was performed on 10 October 1967 pe r  s tep 47.14 of 227541F, 'Post  
J-FACT Procedure.  
6-hour period, which is well within the required l imi t s .  
check verified a clean sys tem.  
SC-7 a t  AFETR. 
225869-2 a s  modified by STR 309. 

This 

This lockup p r e s s u r e  variation was only 1 ps i  over the 

PCR 2546 revised HAC 228107G for  use with 
The contamination 

E l  Segundo testing of SC-7 w i l l  be accomplished pe r  HAC 

Unit Tes ts  

1) Pe r fo rm a gas  contamination t e s t  on the SP-2  helium tank and 
valves assembly  in  o r d e r  to verify cleanliness of assembly.  
addition, a functional tes t  w i l l  be performed to verify proper  
regulator ope r a t  ion. 

In 

This tes t ,  specially requested by T W X  001 on 13 October 1967,  
w i l l  be performed pe r  the applicable portions of HAC 288107G. 
The required completion date i s  on o r  before 3 November 1967. 
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Per fo rm a gas contamination tes t  on the helium tank and valve 
assembly during the regula tor  f l ~ w  tes t  pai-tlon or' fiight acceptance 
tes t  vibration. ECR 359995 requests  revision to the helium tank 
and valve assembly flight acceptance tes t  specification to include 
the gas  sampling. 

Verify surge  valve performance a f te r  assembly of the regulator 
into the helium tank and valves assembly.  
tes t  requires  removal of CV-2 and may introduce contamination 
into the system. Additional flushing, cleaning, and drying opera-  
tions would have to be performed to ensu re  that the sys tem i s  
contaminate f r ee .  A repeat of the high p r e s s u r e  leak check is 
required i f  CV-2 is removed i r o m  the assembly.  Schedule l imita- 
tions do not permit  incorporation of the tes t  on SC-6. Studies 
a r e  current ly  under way to evaluate the effect the additional 
required operations on the helium tank and valve assembly on 
sc-7. 

Per formance  of the 

Launch Procedure Changes Considered 

1) Actuate the helium release squib on the pad and verify proper  
helium regulator lockup charac te r i s t ics  p r io r  to launch. 
recommendation has been rejected for  the following reasons:  

This 

a )  Propellant tankage i s  not man- rated a t  flight operating 
p res su re ,  and a n  abort would require  manual venting of the 
prop e llant s y s t em . 

b) The propellant tan.ks a r e  not type approved t e s t  qualified for  
boost vibration at flight operating p res su re .  

c )  This procedure would a l so  require  a design change including 
the spacecraf t  harness  . 

CORRECTIVE ACTION SUMMARY 

The actions which have been directed by Surveyor Project  Manage- 
ment a s  a resul t  of the Surveyor V helium regulation fai lure  a r e  a s  follows. 

Design Actions 

1)  Pe r fo rm,  in parallel ,  engineering redesign of the relief valve to 
inc rease  c r a c k  pressure  

2) Evaluate effects  of increased relief valve c r a c k  p r e s s u r e  on the 
helium p re  s surization subs ys t em 

3 )  P e r f o r m  tradeoff study to determine the suitability of redesign 
for SC-7 



Manufactur ing Actions f o r  F u t u r e  P r o c u r e m e n t  o r  R e w o r k  

1) 

2) 

3) Pol i sh  regula tor  d e t a i l  p a r t s  

4) 

Incorporate  additional inspect ion points at s u b a s s e m b l y  and 
as s embly leve ls  

Improve quality control  ins t ruc t ions  f o r  handling and manufac tur  - 
ing p r o c e s s e s  on contaminate  c r i t i c a l  i t e m s  

P e r f o r m  gas contaminate  t e s t s  on hel ium tank and valve a s s e m b l y  
during regula tor  flow t e s t  portion of flight acceptance  test 
vibration 

5) Standardize regula tor  lockup t e s t s  at component,  uni t ,  and s y s -  
t e m s  leve l  

Provide  r e w o r k  c r i t e r i a  to manufactur ing f o r  p a r t s  tha t  fail con-  
tamination t e s t s  

6) 

Hand ling Actions 
c 

1) 

2)  

3 )  

4) 

Improve h a r d w a r e  changeout p lans  to  avoid c o m p r o m i s i n g  c lean-  
l iness  of V P S  subsys tem 

Evaluate feasibi l i ty  of application of liquid f lush techniques to 
VPS subsys tem f o r  SC-7  

Install  mi l l ipore  f i l t e r s  f r o m  AGE to all g a s  in le t s  of he l ium 
pressur iza t ion  s y s t e m  

Standardize contaminat ion checks  on VPS units and s u b s y s t e m  

T e s t  Act ions 

1) 

2 )  

Change p r o c e d u r e s  to  avoid backflow through regula tor  s e a t  

Change o r d e r  of t e s t  to  p e r f o r m  regula tor  lockup check  a f t e r  
check valve t e s t s  

P e r f o r m  6-hour regula tor  lockup t e s t  to  de tec t  leakage 

Study feasibi l i ty  of per forming  s u r g e  valve ver i f icat ion a f te r  
installation into hel ium tank and valve a s s e m b l y  f o r  SC-7  

P e r f o r m  gas  contaminat ion t e s t  on SP-2  helium tank and valve 
a s s e m b l y  and v e r i f y  c leanl iness  

3 )  

4) 

5) 

R E F E R E N C E  

A l )  "Surveyor V Hel ium Regula tor  F a i l u r e ,  ' I  Surveyor  P r o j e c t  Action 
S ta tus  Report ,  SSD 74133,  16  October  1967.  
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5 . 7  PROPULSION - MAIN RETRO 

5 . 7 . 1  INTRODUCTION 

The main retro-rocket ,  which per forms the major  portion of the 
deceleration of the spacecraf t  during terminal  descent, is a spherical  solid 
propellant unit with a partially submerged nozzle. 

The unit i s  attached a t  three points to the spacecraft  near  the landing 
leg hinges, with explosive nut disconnects for  postfiring ejection. Fr ic t ion 
clips around the main retro-rocket  engine nozzle flange provide attachment 
points for the altitude marking radar .  
altitude marking r ada r  when the retro firing sequence is initiated. 
re t ro-rocket  engine ignition squibs and re t ro  re lease  explosive nuts operate 
f rom a pulsed, 19-ampere,  constant-current source .  Commands a r e  initiated 
by the flight control system. 

The igniter gas  p re s su re  ejects  the 
The main 

The nozzle is partially submerged to  minimize overal l  length. The 
nozzle has  a graphite throat inser t  backed up by laminates of carbon cloth 
phenolic with a f iberglass  exit cone lined with bulk carbon phenolic. 
c a s e  is of high strength s tee l  and insulated with asbes tos  and inorganic fiber 
filled buna-N rubber to maintain the c a s e  a t  a low tempera ture  level during 
burning. 

The 

The main re t ro- rocket  engine with propellant weighs approximately 
1394 pounds. The engine utilizes an aluminum, ammonium perchlorate ,  
polyhydrocarbon, case-bonded, composite-type propellant, and conventional 
gra in  geometry.  The engine thrust  may vary between 8000 to 10,000 pounds 
over  the temperature  range of 50" to 7 0 ° F .  

Two thermal  s enso r s  a r e  installed on the main re t ro- rocket  engine 
case  for  telemetering engine temperature  during t rans i t .  
i s  installed for  monitoring nozzle temperature  during t rans i t .  

One thermal  sensor  

The main re t ro- rocket  engine employs a safe and a r m  device that has  
dual firing and single bridgewire squibs for the engine igniter. In addition, 
provisions for  local and remote safe and actuation and remote indication of 
inadvertent firing of the squibs a r e  included. 
isolation exists between squib initiator and pyrogen igniter in the safe 
condition. 

Both mechanical and electr ical  
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5 .7 . . 2  ANOMALY DESCRIPTION 

No anomalies w e r e  noted i n  the main  r e t r o  subsys tem.  

5 . 7 . 3  SUMMARY AND RECOMMENDATIONS 

The Surveyor V main r e t ro - rocke t  engine operated within all requi red  
No changes to  the SC-6  r e t ro - rocke t  engine o r  to  the engine tolerances.  

per formance  prediction models  a r e  recommended.  
summary  of main r e t r o  per formance  p a r a m e t e r s .  

Table 5 . 7 - 1  p re sen t s  a 

TABLE 5 . 7 - 1 .  SUMMARY O F  MAIN RETRO 
PERFORMANCE PARAMETERS 

P a r a m e t e r  

Bulk tempera ture ,  O F  

T3500, seconds 

Maximum thrust ,  pounds 

Total  impulse,  l b - sec  

Specific impulse, seconds 

Center  of gravity 
excursion, inch 

Thrus t  vector excursion 

Displacement , inch 

Angular, degree  

Roll torque, in-lb 

Predic ted  
Main Retro 

Value 

55  

3 8 . 9 6  

9850 

362,- 272 

2 9 8 . 5  

- 

- 

- 

- 

.L -0- 

Total  value f rom all sou rces .  

5 . 7 - 2  

Required 
Main Ret ro  
Value and 
Tolerance 

*15 

k 0 . 4  

< l o ,  000 

*o. 3 

<O. 030 

<O. 040 

eo. 2 

< 80 

Actual 
Value 

52. 5 

38. 56 

9950 

362,  146 

289 .4  

0 .  024'' 

1 2 + 

Uncertainty 

*5 

*O. 1 

* l o o  

*1800 

*l. 5 

*O. 005 

*6 



5. 7; 4 SUBSYSTEM- PEF.FC>RlvL*lNCE ANALYSIS 

Table  5. 7-2 gives  the m a j o r  events  and t i m e s  assoc ia ted  with the 
f i r ing  of the r e t r o  engine.  

TABLE 5.7-2.  MAJOR EVENTS AND TIMES FOR 
RETRO OPERATION 

Event  

V e r n i e r  ignition 

R e t r o  ignit ion 

3 500-pound t h r u s t  
l e v e l  

3 .  5 g switch 

"Actual" 3 .  5 g 

R e t r o  eject ion s ignal  

GMT 
minutes:  seconds 

44:51.426 

44:52.496 

45:31. 056 

45:31.355 

4 5:31.430 

45:40.395 

Maximum E r r o r ,  second 

t o .  02 to  - 0 . 0 2  

t 0 . 0 5  to  - 0 . 0 5  

t 0 . 0 5  to  -0 .  05 

t 0 . 6  to  - 0. 6 

t o .  05 to  -0.  05 

t 0 . 0 5  to  -0.  05 

I t e m s  constituting t h e  analysis effor t  are  as follows: 

1)  Reconstruct ion of th rus t  v e r s u s  t i m e  c u r v e  f r o m  a c c e l e r o m e t e r  
and doppler data  ( F i g u r e  5. 7-1) 

Calculation of engine specific i m p u l s e  

Determina t ion  of th rus t  vec tor  excurs ions  and ro l l  m o m e n t s  
genera ted  by the r e t r o  engine 

2) 

3 )  

4). Determina t ion  of T3500 

5 . 7 . 4 .  1 T h r u s t  V e r s u s  T i m e  

The technique u s e d  in recons t ruc t ion  of the t h r u s t  v e r s u s  time t r a c e  
f r o m  both a c c e l e r o m e t e r  and doppler d a t a  is d i s c u s s e d  in subsec t ion  5 .  15. 6. 2 
of R e f e r e n c e  1. This  recons t ruc ted  trace v a r i e s  f r o m  the predic ted  trace as 
shown in  F i g u r e  5. 7-1. The maximum difference is 3 p e r c e n t ,  and it o c c u r s  
8 seconds  a f t e r  ignition. 
the a c c e l e r o m e t e r  d a t a  s ince  the spacecraf t  p a s s e s  through a per iod  of r a p i d  
change in acce lera t ion  to  a f a i r l y  steady acce lera t ion .  

This ,  however ,  is in  a n  area of h igher  e r r o r  f o r  
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5. 7 . 4 .  2 Specific Impulse 

The main retro-rocket  engine specific impulse was obtained by co r -  
recting the predicted nominal specific impulse used in the preflight descent 
t ra jec tory  computer program by the change in velocity measured during 
r e t r a  biii-iiirlg on Surveyor V.  
dicted change in velocities, 8411 and 8414 fps, respectively, amounts to 
0.03 percent low versus  the 1 percent allowed. This approach is conserva- 
tive f r o m  the retro-rocket  engine point of view since the velocity difference 
is  actually due to a number of sources  in addition to the main retro-rocket  
engine. 

The difference between the actual  and p re -  

Some of these other sources  a r e  a s  follows: 

1) Uncertainty in vernier  engine specific impulse 

2 )  Uncertainty in vern ier  engine thrust  level 

3) Uncertainty in vernier  engine weight versus  t ime 

4 )  Uncertainty in re t ro-rocket  engine specific impulse versus  t ime 

5) Uncertainty in re t ro-rocket  engine weight ve r sus  t ime 

6)  Uncertainty in doppler data 

5. 7 . 4 . 3  Retro Disturbance Torques 

The following r e t r o  disturbance torques were  noted: 

1) Retro ignition produced a short  duration disturbance torque of 
approximately 20 ft-lb. 

2) Following r e t ro  ignition, a l l  th ree  vernier  engines sett led nea r  
their  midthrust  condition and remained very  steady throughout 
r e t ro  burning. 
experience any measurable  thrust  vector excursion o r  la te ra l  
cg shift during operation. 

This indicates that the r e t ro  engine did not 

3 )  The maximum required correct ive rol l  torque produced by the 
vern ier  engine af ter  accounting for  bracket bending was 1 ft-lb. 
Assuming a l l  this torque was produced by the main re t ro  engine, 
the engine rol l  torque is st i l l  well below the 7 ft-lb maximum 
moment allocated to the r e t r o  engine. 

4 )  Retro engine ejection f rom the spacecraf t  was very  smooth and 
required no apparent correct ive torque . 

5. 7 . 4 . 4  T3500 

The T3500 ( t ime f rom ignition to the t ime when thrust  decays to 3500 
pounds) prediction was marginal.  The total  e r r o r  of 1 percent equals the 
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1 percent  to le rance  f o r  the predict ion.  T h i s  t o t a l  e r r o r  is the  r e s u l t  of the 
a c t u a l  engine t e m p e r a t u r e  grad ien t  uncertainty,  the e r r o r  i n  calculat ing the 
bulk t e m p e r a t u r e  cor responding  to  that g rad ien t ,  t e l e m e t r y  e r r o r ,  and  
predict ion e r r o r .  
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5 . 8  ALTITUDE MARKING RADAR 

5. 8. 1 INTRODUCTION 

The  Surveyor  alt i tude marking  radar (AMR) is  a s m a l l ,  conventional,  
pu lsed ,  X-band, fixed dua l - range  gate, m a r k i n g  r a d a r  designed and supplied 
by Hughes Division 27. The  purpose of the AMR is to provide,  with high 
a c c u r a c y  and rel iabi l i ty ,  a positive indication that  s lan t  range  f r o m  the 
S u r v e y o r  s p a c e c r a f t  to the lunar  sur face  h a s  d e c r e a s e d  through a p r e s e t  
v a l u e ,  nominally 60 s ta tute  m i l e s  f o r  the A-21  s e r i e s  of engineer ing models .  
This  s ignal  starts a n  on-board t i m e r ,  whose run-out  time is s e t  by ground 
command e a r l i e r  in flight to init iate v e r n i e r  and m a i n  r e t r o  engine ignition. 
Since the  AMR is instal led in t h e  exhaust cone of the main  r e t r o  engine and 
h a s  s e r v e d  its purpose  in providing ignition t i m i n g ,  it is forcibly jett isoned 
f r o m  the s p a c e c r a f t  when that  engine is ignited. 

The AMR is a conventional noncoherent r a d a r ,  employing a pulsed 
magnet ron ,  s ingle  an tenna ,  duplexed m i x e r ,  c rys ta l -cont ro l led ,  so l id-s ta te  
loca l  o s c i l l a t o r ,  wideband IF ampl i f ie r ,  noncoherent  d e t e c t o r ,  and video 
process ing  c i rcu i t ry .  Dynamic range is extended by automatic  gain control  
(AGC) of the I F  ampl i f ie r ;  AGC voltage is  t e l e m e t e r e d  and provides  an indica-  
tion of received s ignal  power. 
at a p r e s e t  range  with high a c c u r a c y  and rel iabi l i ty .  
range  ga tes  continuously examine the video signal.  
t inuously summed and differenced.  
and the  difference s imultaneously c r o s s e s  z e r o  with posit ive s lope ,  the m a r k  
s ignal  is genera ted .  
of m a r k i n g  on noise  ( fa lse  m a r k )  throughout the operat ing t i m e ,  while video 
integrat ion plus a v e r y  substant ia l  r a d a r  gain m a r g i n  e n s u r e  a high probabi l i ty  
of m a r k i n g  successful ly .  

T h e  video c i r c u i t r y  is of spec ia l  design to  m a r k  
Two f i x e d ,  adjacent  

T h e i r  outputs a r e  con-  
When the s u m  exceeds  a fixed threshold 

Sum threshold is s e t  f o r  an  e x t r e m e l y  low probabili ty 

Two s e p a r a t e  ground c o m m a n d s ,  whose t iming is cont ro l led ,  a r e  
requi red  to fully act ivate  the AMR. 
c o m m a n d s  on the  p r i m a r y  power t o  the AMR, which includes all in te rna l  
power except  high voltage to  the t r a n s m i t t e r .  T h e  video s ignal  is  inhibited 
f r o m  reaching  the marking  c i r c u i t s  until the  second command,  thus e l imina t -  
ing any r e s i d u a l  probabili ty of false marking  on  noise  during th i s  w a r m u p  
in te rva l .  The  second s ignal ,  cal led AMR enable ,  commands  on  the t r a n s -  
m i t t e r  high voltage and a l s o  r e m o v e s  the video inhibit. 
is  t imed not only f o r  favorable  t h e r m a l  conditions at the expected m a r k i n g  
t i m e  but a l s o  to prec lude  p r e m a t u r e  m a r k i n g  on  second-round echoes  at  

The first  s igna l ,  called s imply AMR o n ,  

This  enabling function 
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much longer  ranges.  
predict ion based upon t r a j e c t o r y  d a t a .  
m i s s i o n  of these  two c o m m a n d s  a r e  "onr1 at 280 f 10 s e c o n d s ,  and "enable" 
at 100 f 10 seconds b e f o r e  predicted m a r k s .  

In a lunar  m i s s i o n ,  F P A C  suppl ies  a m a r k i n g  t i m e  
T h e  p r e s c r i b e d  t i m e s  f o r  SPAC t r a n s -  

F o r  proper  ana lys i s ,  complete  t r a j e c t o r y  information is r e q u i r e d .  
While e i ther  known o r  a s s u m e d  f o r  pref l ight  pred ic t ions ,  it m u s t  b e  known o r  
der ived f o r  postflight evaluation. 
supplied by FPAC f r o m  t racking  and t r a j e c t o r y  computat ions.  Res idua l  
range  uncertainty,  however ,  exceeds that  of the AMR i t s e l f ,  which is  
a s s u m e d  to have m a r k e d  with m e a n  value and d i s p e r s i o n  predicted by r a d a r  
ana lys i s  p r i o r  to each miss ion .  
att i tude conditions f r o m  F P A C ,  the t r a j e c t o r y  c a n  then be extrapolated back-  
ward  with high a c c u r a c y  by a spec ia l  two-body p r o g r a m .  
d e r i v e s  all the significant AMR p a r a m e t e r s  throughout the nominally 100-  
second interval  f r o m  enable to  m a r k ,  and ca lcu la tes  c o r r e c t i o n  f a c t o r s  t o  be 
applied to  observed  t e l e m e t r y  data before  c o m p a r i s o n  with predicted rece ived  
s ignal  power.  

Spacecraf t  att i tude and velocity data a r e  

In conjunction with approach  velocity and 

T h i s  p r o g r a m  

AMR t e l e m e t r y  includes t h r e e  digital  and t h r e e  analog s i g n a l s ,  plus  
analog t e m p e r a t u r e  da ta .  
events:  
enabling (R-11 ,  AMR enable) ,  and slant range t r i g g e r  (FC-64,  AMR m a r k ) .  
I t  should be noted that F C - 6 4  is t e l e m e t e r e d  only when the on-board m a r k  
i s  genera ted ,  and not in r e s p o n s e  to  the backup command f r o m  e a r t h .  T h e  
t h r e e  analog s ignals  (bes ides  t e m p e r a t u r e )  a r e  magnet ron  c u r r e n t  ( R -  12) ,  
AGC voltage level  (R-14) ,  and la te  gate detected video voltage leve l  (R-29).  
The  AGC not only c o n f i r m s  r e c e i v e r  r e s p o n s e  to R F  r e t u r n ,  but is a l s o  useful 
in evaluating t e r r a i n  reflectivity.  T h e  magnet ron  c u r  ren t  conf i rms  pulsing 
of the magnetron a f t e r  enable ,  and is usefu l  p r i m a r i l y  as a t r a n s m i t t e r  
fa i lure  mode indication. T h e  l a t e  gate  s igna l ,  p r i m a r i l y  a r e c e i v e r  f a i l u r e  
mode indication, normal ly  conf i rms  p r e s e n c e  of gated video s ignal  r i s i n g  
quickly to a peak at the t i m e  of m a r k  and decaying quickly t h e r e a f t e r .  A l l  
but a few of i t s  va lues  a r e  normal ly  at the quiescent  noise  leve l ,  and in  no 
way consti tute repea ted  events .  

The digital  s igna ls  conf i rm on-board d i s c r e t e  
p r i m e  power application (R-  1 ,  AMR o n ) ,  high voltage and video 

5.  8. 2 ANOMALIES 

T h e r e  w e r e  no anomal ies  i n  the operat ion of the AMR dur ing  the  
Surveyor  V miss ion .  

The  e n t i r e  t e r m i n a l  descent ,  however ,  was  s o  nonstandard that  a 
background d iscuss ion  is p r e s e n t e d  in Appendix A of the RADVS sect ion (5. 9 ) .  
Since AMR operat ion w a s  not affected,  but was  a n  influence in the r e v i s e d  
descent ,  AMR c o m m e n t s  are included in that d iscuss ion  (Appendix A and 5. 9.  2 )  
f o r  continuity and convenience 
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5. 8. 3 

5. 8. 3. 1 S u m m a r y  

SUMMARY AND RECOMMENDATIONS 

The  Surveyor  V AMR functioned normal ly .  T h e  t r u e  a1 t i t .de  mxrk 
was g p n e r ~ t ~ d  3t t he  expected t ime and init iated the  automatic  t e r m i n a l  
d e s c e n t  sequence as planned. The significantly increased  t i m e  de lay  f o r  
engine ignition is  d iscussed  in subsection 5. 9. 2. The  rout ine e m e r g e n c y  
m a r k  backup command was received by the s p a c e c r a f t  a f te r  the on-board 
m a r k  had been  genera ted ,  

T h e  AMR was turned on 276. 6 f 0. 65 seconds before  the m a r k ,  
acceptably within the 280 f 10 seconds specified.  
seconds  before  the m a r k ,  acceptably within the 100 f 10 seconds specified.  
EP-  17 showed n o r m a l  c u r r e n t  d r a i n  c h a r a c t e r i s t i c s  throughout AMR o p e r a -  
t ion and je t t ison,  and AMR magnetron c u r r e n t  (R-12)  was n o r m a l  before ,  
d u r i n g ,  and a f t e r  enabled operation. 
confirming the p r e s e n c e  of R F  r e t u r n  s ignal  and detected video within the 
gate  at the t i m e  of the  m a r k .  

I t  was  enabled 95. 4 f 0. 65 

T h e  l a t e  gate s igna l  (R-29) was  n o r m a l ,  

AGC-indicated signal s t rength ,  a f t e r  p r o p e r  evaluation, showed exce l -  
lent  c o r r e l a t i o n  with the nominal  predicted value throughout the enabled 
i n t e r v a l ;  only one d a t a  point p r i o r  to m a r k  was m o r e  than 1. 0 db off the 
nominal .  
rece ived  s ignal  reached  the onse t  of AGC act ion,  after which the AGC leve l  
r o s e  essent ia l ly  as predicted.  
c iably expanded evaluation effor t  initiated with Surveyor  111 h a s  reached  full  
f rui t ion with Surveyor  V. 
f o r  t h e  f irst  t i m e  in Surveyor  4 did not  o c c u r  in Surveyor  V. 

Quiescent  leve l  proper ly  prevai led f o r  the f i rs t  60 seconds  until 

The expanded AGC ca l ibra t ion  and t h e  a p p r e -  

T h e  unexpectedly high quiescent  leve l  observed  

5. 8. 3. 2 Recommendat ions 

T h e r e  a r e  no recommendat ions a r i s i n g  d i rec t ly  f r o m  the  S u r v e y o r  V 
mis  s ion. 

The  successfu l  Surveyor  V t e r m i n a l  descent  does  help t o  i l l u s t r a t e ,  
however ,  c e r t a i n  recommendat ions previously made  and repeated again h e r e  - 
with ( s e e  a l s o  p a r a g r a p h  5. 9 .  3. 2). 

The  nominal expected marking r a n g e  predicted f o r  the AMR before  
each m i s s i o n  should be used in  t h e  r e a l - t i m e  guidance and t ra jecto.ry p r o -  
g rams .  This  nominal  u s e s  analytically predicted range b i a s  re la t ive  to  
m e a s u r e d  gate sett ing.  Marking  a c c u r a c y  t e s t  d a t a ,  n e c e s s a r i l y  m e a s u r e d  
by a far  m o r e  complicated se tup  and p r o c e d u r e  than tha t  f o r  the gate  a lone ,  
should be viewed only as a preflight confidence check  on funct ional  operat ion.  

Continued u s e  of t h e  AMR on f u t u r e  s p a c e c r a f t  is  requi red  f o r  re l iab le  
t e r m i n a l  d e s c e n t  init iation. 
re l iabi l i ty  as long a s  its t iming continues to  be t ightly control led.  

The  backup command m a y  be retained f o r  res idua l  
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5. 8 . 4  SUBSYSTEM PERFORMANCE ANALYSIS 

5. 8. 4. 1 Event T i m e s  

F r o m  the table  of Surveyor  V events  assoc ia ted  with r a d a r  opera t ion  
(subsect ion 5. 9 .  4) ,  the  following AMR events  a re  repea ted  below. 
t i m e s  l i s ted  a r e  GMT when recorded  at DSIF- 11. 

T h e  

C hann e 1 Name 

R - 1  AMR on 

GMT at DSIF-  11, 
day: hr:min: sec 

254:00:40:02. 458 f 0. 6 

R -  11 AMR enable 254:00:43:03. 656 f 0. 6 

F C  - 64 AMR m a r k  254: 00:44: 39. 088 f 0. 05 

F C - 2 8  V e rn i  e r i gnit io n 254:00:44:51. 389 f 0. 05 

F C - 2 9  R e t r o  ignition 254:00:44:52. 490 f 0. 05 

FC - 64 AMR m a r k  off 254:00:44:52. 588 f 0. 05 

The  warmup t i m e  (on to enable)  was  181. 2 f 1. 2 seconds ,  well  within 
the nominal  180 * 20 seconds.  The t i m e  f r o m  on to m a r k  was  276. 63 f 0. 65 
s e c o n d s ,  acceptably within the 280 f 10 seconds  specified.  T h e  enabled t i m e  
(enable to m a r k )  was 95. 43 f 0. 65, acceptably within the  100 f 10 seconds  
s p e c  if ied . 

F r o m  readings of the magnitude r e g i s t e r  ( F C -  18) ,  ac tua l  m a r k  t i m e  
c a n  be refined t o  254:00:44: 39. 097 f 0. 041, and ac tua l  v e r n i e r  ignition t ime 
c a n  b e  refined f u r t h e r  to  254:00:44:51. 431 f 0. 025, still r e f e r r e d  to  GMT at 
DSIF- 11. 

In Surveyor  V, the unusual coincidence o c c u r r e d  of F C  - 64 still being 
on  (last appearance)  only 2 mil l iseconds before  the  first appearance  of FC-29 
(both on  in s a m e  word) .  If AMR je t t i son  w e r e  physical ly  instantaneous,  r e t r o  
ignition t i m e  would be 254:00:44:52. 539 * 0. 001. 

5. 8. 4. 2 Load C u r r e n t  Signals  

Radar  a n d  squib c u r r e n t  ( E P - 1 7 )  w a s  n o r m a l .  It was  z e r o  until AMR 
o n ,  when it r o s e  to n o r m a l  AMR w a r m u p  load ,  which continued until AMR 
enable .  During the enabled in te rva l ,  it p r o p e r l y  cycled in  the m a n n e r  
c h a r a c t e r i s t i c  of magnet ron  puls ing,  which is  not synchronized with the 
t e l e m e t r y  data sampling.  
load w a s  removed (by je t t i son  of the AMR) and rep laced  by the RADVS w a r m u p  
load.  

T h i s  continued until engine ignition, when the AMR 

5.8-4  



Magnetron c u r r e n t  ( R -  12) ( F i g u r e  5. 8 -  1) a l s o  was  normal .  It was -_ - -  A c ~ ~  Until AMX enable ,  when it rose  to n o r m a l  high voltage load dur ing  
m a g n e t r o n  pulsing. T h i s  continued until engine ignition, when AMR s igna ls  
n o r m a l l y  go fu l l - sca le  as the AMR itself  is forc ib ly  jett isoned by the r e t r o  
engine.  

5. 8, 4. 3 L a t e  Gate  Signal  

The  l a t e  gate video detected analog voltage s igna l  (R-29) ( F i g u r e  5. 8-2) 
w a s  n o r m a l ,  confirming the presence  of R F  signal and detected video at the 
t ime of the m a r k .  

F r o m  the t r a j e c t o r y  reconstruct ion f o r  AGC evaluat ion,  the to ta l  
s t re tched  pulse  length as  received was  about 34 m i c r o s e c o n d s  and the effective 
c los ing  r a t e  was  8440. 9 f p s ,  both at the t i m e  of the mark. 
video pulse c losing r a t e  was  therefore  about 17. 13 m i c r o s e c o n d s  p e r  second.  
T h e  video late gate h a s  a nominal  durat ion of 20 m i c r o s e c o n d s  (20. 0 f 1. 0 
r e q u i r e d ) .  
(34  f 20) /17 .  1 3  = 3. 15 seconds.  

T h e  cor responding  

I t  should t h e r e f o r e  have produced output within 3 d b  of peak f o r  

With R-29 sampled a t  1. 2-second i n t e r v a l s ,  high leve l  s a m p l e s  should 
be at least two in  n u m b e r ,  perhaps  t h r e e  i f  the  sampling t i m e  phase  w e r e  
right.  In Surveyor  V ,  it happened that  t h e r e  w e r e  two high leve l  s a m p l e s  
that  o c c u r r e d  at the p r o p e r  t i m e s  relat ive t o  the t i m e  of the m a r k .  
w a s  a l s o  one p a r t i a l  ampli tude sample  on  each s i d e ,  as is  typical  and normal .  

T h e r e  

5. 8.  4. 4 DB Budget 

The  Surveyor  V AMR db budget, rev ised  f o r  the postfl ight p a r a m e t e r s  
in  the  t r a j e c t o r y  recons t ruc t ion  f o r  AGC evaluation, shows a 26. 1-db m a r g i n  
above that  requi red  f o r  a 0. 999 cumulative probabi l i ty  of successfu l  m a r k i n g ,  
a s  follows: 

Pt ( a v e r a g e )  

G2 t 69. 0 d b  

t 34. 39 d b m  

- 13. 57 db P l  

0 ( 0  d e g r e e s )  = 0. 065 - 1. 17 d b  

R - 3  

f - 2  

f - l  r 

( + ) ( & ) 3  

5. 8 

~ 

5 

- 53. 34 d b  

-199. 37 d b  

- 25. 4 4 d b  

t122.  12 d b  



R F i g u r e  5 .8 -1 .  Magnet ron  C u r r e n t  ( A M R )  

F i g u r e  5. 8 - 2 .  Late Gate Signal  (AMR) 
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cotan 47. 44 d e g r e e s  

F (47. 44 d e g r e e s )  

- 0. 37 db 

- 12. 24 d b  

r 

m i n  

m i n  

P 

P 

P 

(30 microseconds  

(30 microseconds  

R e c e i v e r  m a r g i n  

(34 microseconds)  

(34 microseconds)  

m i n  P 

m i n  P 

Total  m a r g i n  above threshold 
fo r  0. 999 cumulative 
probability: 

i2.25. 5 i  dbrn 

-305. 50 db 

- 79. 99 d b m  

- 101. 5 dbm (nominal) 

- 105. 8 d b m  ( m e a s u r e d )  

t 4. 3 db 

- 10 1. 8 dbm (nominal) 

- 106. 1 dbm (predicted)  

- 79.99  d b m  

-106. 1 dbm 

t 26. 1 db 

5. 8. 4. 5 Expected Marking Range 

The  expected va lue  of the slant range  along the AMR antenna e l e c t r i c a l  
axis when the mark is produced will v a r y  slightly f r o m  the nominal  value of 
60 s ta tu te  m i l e s .  
F P A C )  which i n s e r t s  th i s  value and both mechanical  a l ignment  and e l e c t r i c a l  
bores ight  da ta  into its t r a j e c t o r y  p r o g r a m s .  T h e s e  determ-ine the time delay 
value to be commanded into the on-board magnitude r e g i s t e r  so tha t  auto-  
m a t i c  engine ignition will o c c u r  at the al t i tude d e s i r e d  f o r  that miss ion .  

T h i s  expected value is supplied before  each  miss ion  to  

P r e v i o u s  study and exper ience ,  confirmed by Surveyor  V i t s e l f ,  have 
demonst ra ted  that  the expected marking  range  is affected significantly by 

only two p a r a m e t e r s ,  according to the well-documented equation: 

- 4  
R = Ro + ( 2 .  02  x 10 ) p - m 01 x 

T h e  opera t iona l  p a r a m e t e r  is the angle cp, t h e  incidence angle in d e g r e e s  off 
the loca l  l u n a r  v e r t i c a l  of the AMR beam at its in te rsec t ion  with the lunar  
sur face .  T h e  equipment p a r a m e t e r  is the  value R o )  which i s  the  expected 
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m a r k i n g  range at v e r t i c a l  incidence c h a r a c t e r i s t i c  of the specif ic  AMR 
h a r d w a r e  aboard each  spacecraf t .  
range  in s ta tute  m i l e s .  

T h e  r e s u l t  Rm is the expected m a r k i n g  

The  value Ro i s  de te rmined  f o r  each  AMR as  the m e a s u r e d  gate  
set t ing (leading edge of l a t e  gate)  minus  the nominal  analyt ical  value of range  
b i a s  at v e r t i c a l  incidence;  the l a t t e r  i s  equal to 12. 20 microseconds .  
f o r m e r  i s  m e a s u r e d  in t e s t .  

T h e  

T h e  Surveyor  V AMR (283827-1, S / N  14) gate set t ing was  657. 2 
m i c r o s e c o n d s .  The Ro value was therefore :  

Gate ( m e a s u r e d )  

Bias  (analytical)  

657. 2 m i c r o s e c o n d s  

- 12. 2 m i c r o s e c o n d s  

= 645. 0 m i c r o s e c o n d s  

= 60. 07 s ta tute  m i l e s  

R O  

(at 10.  737 m i c r o s e c o n d s  p e r  
round - t r i p  s ta tute  m i l e )  

The t r a j e c t o r y  recons t ruc t ion  f o r  AGC evaluation ( F i g u r e  5. 8-3)  
showed a n  incidence angle of 47. 44 d e g r e e s  a t  the t i m e  of the m a r k .  
expected marking  range  f o r  Surveyor  V was t h e r e f o r e  59. 85 s ta tute  m i l e s .  

T h e  

5.  8.  4. 6 Markine Range DisDersion 

T h e  s tandard budget of a l lowances f o r  in-fl ight d r i f t s  of AMR p a r a m -  
e t e r s  that  affect marking  range at any incidence angle h a s  been documented 
a s  a r ss  total  of *893 f e e t ,  3 0 .  

F r o m  a model  of AMR cumulat ive probabi l i ty  (Reference  1) of s u c c e s s -  
ful m a r k i n g ,  the spread  f r o m  0. 001 t o  0. 999 probabili ty is *1250 f e e t  at 
45 d e g r e e s .  The  allowable pointing e r r o r  ( 3  a)  contribution is  i 3 2 2 0  f e e t  at 
45 d e g r e e s .  

The total  ( r s s )  m a r k i n g  range d i s p e r s i o n  at 45 d e g r e e s  is t h e r e f o r e  
*3570 fee t  ( 3  o ) ,  well within the specified m a x i m u m  of *l. 0 m i l e  ( 3  G) at 45 
d e g r e e s .  ( F o r  per fec t  pointing e r r o r  compensation in  the guidance and 
t r a j e c t o r y  p r o g r a m s ,  the ac tua l  d i s p e r s i o n  would be only *1540 fee t  ( 3 0 )  at 
45 d e g r e e s .  ) 

At the Surveyor  V velocity of 8440. 9 fps  at the t i m e  of the m a r k ,  the 
total  d i spers ion  of i 3 5 7 0  f e e t  ( 3 0 )  would be a t i m e  e r r o r  of *O. 424 second 
( 3  3 ) .  By coas t  phase o r b i t  de te rmina t ion  f r o m  e a r t h  t r a c k i n g ,  the  a p r i o r i  
m a r k  t i m e  uncertainty h a s  been repor ted  as  0. 8 second ( 1  5) ,  o r  a l m o s t  six 
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Figure  5. 8-3.  Trajectory Reconstruct ion (AMR ) 
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t i m e s  l a r g e r .  Hence, while o r b i t  de te rmina t ion  provides  excel lent  velocity 
da ta ,  integration into position is  l e s s  a c c u r a t e ,  and the  predicted value of 
expected marking range  r e m a i n s  the b e s t  avai lable  e s t i m a t e  of ac tua l  
conditions.  

5. 8.  4. 7 AMR P a r a m e t e r  Reconstruct ion 

Because of the significant d i s tance  t rave led  dur ing  the  nominal  100 
seconds of enabled operat ion,  the  AMR p a r a m e t e r s  dur ing  th i s  i n t e r v a l  a r e  
evaluated accurately as  functions of t i m e  and of the m i s s i o n  v a r i a b l e s .  T h i s  
is done by a separa te  computer  p r o g r a m  developed f o r  th i s  purpose .  

T r a j e c t o r y  constants  a r e  found f r o m  conditions at mark a n d / o r  at 

A l l  
engine ignition. Velocity,  velocity angle ,  and at t i tude angle a r e  supplied by 
F P A C ;  s lant  range at m a r k  i s  the  predicted expected m a r k i n g  range .  
quant i t ies  a r e  then evaluated analytically without approximation at each  of a 
number  of two-body t r a j e c t o r y  points de te rmined  by stepping speed in 
a r b i t r a r y  increments .  
extrapolat ion f rom mark,  o r  f r o m  ignition to  enable .  
used i s  f o r  the t i m e  in te rva l  between t r a j e c t o r y  poin ts ,  which a s s u m e s  l i n -  
e a r i z e d  dis tance and velocity between points. 
with the  -20 fps i n c r e m e n t s  normal ly  used. 

Negative i n c r e m e n t s  of speed produce a backward 
T h e  only approximation 

Adequate t i m e  a c c u r a c y  r e s u l t s  

Of par t icu lar  i n t e r e s t  a r e  the AMR s lan t  r a n g e ,  the beam incidence 
angle at  t h e  sur face ,  and the accompanying received pulse  s t re tch ing  effect  
( F i g u r e  5. 8-4).  
s lant  range  var ia t ion over  a dynamic range  of about two oc taves .  
v a r i a t i o n  of both flight path and att i tude angles  re la t ive  to  instantaneous loca l  
lunar  v e r t i c a l ,  however ,  the beam incidence angle r e m a i n s  r e m a r k a b l y  con-  
s tant  as a resul t  of the constant  iner t ia l  at t i tude of the s p a c e c r a f t  in th i s  
phase.  

The  l a t t e r  is  s e e n  to v a r y  quite significantly because  of 
Despi te  

The Surveyor  V t r a j e c t o r y  conditions supplied by F P A C  w e r e  a s  
follows: 

At V e r n i e r  
At M a r k  Ignition 

Velocity angle ,  d e g r e e s  44. 63 45. 05 

Attitude angle ,  d e g r e e s  43. 70 4 4 . 2 7  

Speed ,  fps 8440. 9 8477. 1 

F r o m  t h e s e ,  it w a s  determined that  the  AMR b e a m  incidence angle w a s  47. 44 
d e g r e e s  at m a r k ,  and var ied  l e s s  than 0. 02 d e g r e e  throughout the enabled 
t i m e .  
AMR evaluation h a s  been extended beyond the m a r k  to  ignition. 

Because of the  unusually long 12. 33-second de lay  t i m e ,  Surveyor  V 
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Figure  5. 8-4 .  Received P u l s e  Length Reconstruct ion (AMR)  
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5. 8. 4. 8 AMR AGC Evaluation 

The original s tandard t e s t  conditions of 3 ,  10, and 30 m i c r o s e c o n d s  
f o r  pref l ight  AGC cal ibrat ion ( F i g u r e  5. 8-5)  e n c o m p a s s  approximate ly  the 
region of s t re tched pulse  lengths as rece ived  o v e r  the  requi red  range  of A-21  
approach angle ( 0  to 45 d e g r e e s )  at  the nominal  m a r k i n g  range.  T h e  AGC 
r e s p o n s e  curves  are  nonl inear ,  however ,  and i n t e r m e d i a t e  va lues  a r e  helpful 
f o r  p r o p e r  interpolation of a given approach  angle even at the m a r k i n g  range .  
In addition, because of the  apprec iab le  var ia t ion  in received pulse  length 
during enabled opera t ion  p r i o r  to the m a r k ,  p a r t i c u l a r l y  at  angles  of m o r e  
than s e v e r a l  d e g r e e s ,  p r o p e r  AGC in te rpre ta t ion  at t i m e s  o t h e r  than  the 
mark r e q u i r e s  extended AGC cal ibrat ion.  
f o r  Surveyor  111 (Reference  2).  

The  ana lys i s  w a s  fully documented 

Extended AGC ca l ibra t ion  f o r  Surveyor  V is  shown h e r e i n  ( F i g u r e  
5. 8-6).  
and h a s  been applied in the  in te rpre ta t ion  of AGC t e l e m e t r y  da ta  ( F i g u r e  5. 8 - 8 ) .  
It should b e  noted that  f o r  the first approximate ly  60 seconds the AMR r e c e i v e r  
was  in its l inear  range,  below the  onse t  of AGC act ion,  and that the AGC 
voltage was therefore  at its quiescent  leve l .  ( T h i s  behavior  is dis t inct ly  
different  f r o m  that  of the RADVS ref lect ivi ty  s igna ls ,  which de tec t  the I F  
signal i t s e l f ,  with no AGC involved. ) 
lent cor re la t ion  of the  in te rpre ted  AGC r e s p o n s e  with the p r o p e r  nominal  
model ,  

T h e  s t re tched pulse  length as  rece ived  i s  also shown ( F i g u r e  5. 8 - 7 ) ,  

It is s e e n  that  Surveyor  V showed e x c e l -  
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5 .9  RADVS P E R F O R M A N C E  

5. 9. 1 INTRODUCTION 

T h e  r a d a r  a l t i m e t e r  a n d  dopp le r  v e l o c i t y  s e n s o r  (RADVS) i s  a c o h e r e n t  
C W  m i c r o w a v e  r a d a r  des igned  and  supplied by Ryan  E l e c t r o n i c s ,  S a n  Diego.  
I t s  p r i m a r y  func t ion  i s  to  m e a s u r e  ve loc i ty  and s l a n t  r a n g e  r e l a t i v e  t o  t h e  
l u n a r  s u r f a c e  d u r i n g  t h e  t e r m i n a l  d e s c e n t  of t h e  S u r v e y o r  s p a c e c r a f t .  T h e s e  
q u a n t i t i e s  a r e  m e a s u r e d  d i r e c t l y  in  s p a c e c r a f t  c o o r d i n a t e s ,  a l lowing  d i r e c t  
u t i l i za t ion  by the  s p a c e c r a f t  f l igh t  c o n t r o l  s y s t e m  f o r  both a t t i t u d e  s t e e r i n g  
a n d  d e c e l e r a t i o n  t h r u s t  con t ro l .  

T h e  dopp le r  v e l o c i t y  s e n s o r  ( D V S )  po r t ion  of t h e  s y s t e m  is e s s e n t i a l l y  
a t h r e e  - b e a m  c o h e r e n t  CW autodyne  d o p p l e r  r a d a r .  
c a v i t y  t y p e )  p r o v i d e s  undev ia t ed  output a t  a n o m i n a l  f r e q u e n c y  of 13, 300 MHz. 
I t s  ou tput  i s  divided e q u a l l y  a m o n g  the t r a n s m i t t i n g  h o r n s  f o r  b e a m s  1, 2, and 
3 .  
a g a i n s t  d i r e c t  l eakage ,  and  a s e p a r a t e  and  independent  r e c e i v e r  u t i l i z ing  a 
small  s a m p l e  of the  t r a n s m i t t e d  s igna l  as  a l o c a l  o s c i l l a t o r  ( b i a s ) .  A s s o c i a t e d  
wi th  e a c h  r e c e i v e r  is a s e p a r a t e  and  independent  f r e q u e n c y  t r a c k e r  c a p a b l e  
of a c q u i r i n g  and  t r a c k i n g  t h e  dopp le r  s i g n a l  c o r r e s p o n d i n g  t o  t h a t  componen t  
of v e l o c i t y  a s s o c i a t e d  wi th  the  s p a c e c r a f t  o r i e n t a t i o n  of t h a t  p a r t i c u l a r  b e a m .  
T h e  s p a c e c r a f t  b e a m  o r i e n t a t i o n s  a r e  s u c h  t h a t  t he  n o m i n a l  ve loc i ty  com-  
p o n e n t s  V i  ( i  = 1, 2, 3 )  a l o n g  t h e  a x e s  of t h e s e  t h r e e  beams a r e  d e t e r m i n e d  by 
t h e  s p a c e c r a f t  c o o r d i n a t e  componen t s  of v e l o c i t y  a c c o r d i n g  t o  the  m a t r i x  
mul t ip l i ca t ion :  

A s ing le  k l y s t r o n  ( t w o -  

E a c h  beam h a s  a s e p a r a t e  r e c e i v i n g  h o r n ,  with a d e q u a t e  R F  i so l a t ion  

v1 

v2  

v3 .  

tA + A  t B  

-A + A  tB 

-A -A tB 

X 
V 

V 
Y 

Z 
V 

w h e r e  

A = s i n  45 d e g r e e s  sin 2 5  d e g r e e s  = 0. 29884 

B = c o s  25  d e g r e e s  = 0 .90631  
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a n d  the spacecraf t  coordinates  a r e  a C a r t e s i a n  r ight-handed t r i a d  with t z  
along the r o l l  axis in the n o r m a l l y  descending direct ion.  

The frequency outputs of t h e s e  t h r e e  f r e q u e n c y  t r a c k e r s  a r e  p r o p e r l y  
scaled and summed in  t h r e e  c o n v e r t e r s  whose outputs  a r e  analog vol tages  
r e p r e s e n t i n g  the s p a c e c r a f t  velocity components:  

v1 v 3  
2B 

v1  - v 2  
z v =  2A ; v =  x Y 

The  radar  a l t i m e t e r  (RA) portionof the s y s t e m i s  bas ica l ly  a s ingle-beam 
coherent  FM-CW microwave  r a d a r  a l t i m e t e r .  B e a m  4 ,  f ixedalong the s p a c e c r a f t  
t Z axis, a l s o  contains s e p a r a t e  t r a n s m i t  and r e c e i v e  h o r n s ,  a four th  r e c e i v e r ,  
and a fourth frequency t r a c k e r .  T h e  s a m e  kind of t r a n s m i t t e r - d e r i v e d  loca l  
osc i l la tor  ( b i a s )  s igna l  configuration is used,  but the RA u s e s  a reflex k lys t ron  
whose frequency is sawtooth devia ted in  s t a n d a r d  F M - a l t i m e t e r  fashion. T h e  
operat ing portion of the sawtooth h a s  negat ive s lope  (with t i m e )  to avoid any 
range-veloci ty  ambigui t ies .  The  b e a m  4 r e c e i v e r  and frequency t r a c k e r  t h e r e -  
f o r e  o p e r a t e  a t  a f requency w h i c h i s  the s u m  of s c a l e d  s lan t  range  and s c a l e d  
doppler  velocity inevitably appearing along that  b e a m .  T h e  RA c o n v e r t e r  c o r -  
r e c t s  the frequency output of the b e a m  4 t r a c k e r  by a p r o p e r l y  s c a l e d  t e r m  ( V z  
compensat ion) ,  obtained f r o m  the DVS Vz c o n v e r t e r ,  to provide  a n  analog out- 
put voltage proport ional  to  Rz ,  the s lan t  r a n g e  along the  s p a c e c r a f t  t Z axis. 
(The  nominal R R  operat ing frequency is 12, 900 MHz. Deviation is  nominal ly40 
MHz a t  8000 MHz/secbelow 1000 feet ,  and 4 M H z a t  800 M H z / s e c  above 1OOOfeet. ) 

Each rece iver  is actually two p a r a l l e l  receiving channels ,  each with 
s e p a r a t e  microwave m i x e r s  a n d  audio p r e a m p l i f i e r s .  Microwave m i x e r  s i g  - 
nal and b ias  inputs a r e  phased so that the p a r a l l e l  audio channels  a r e  e s s e n -  
t ia l ly  in phase quadra ture ,  and with equal  ampl i tudes ,  for  a l l  n o r m a l  doppler 
signals.  E a c h  frequency t r a c k e r  u s e s  these  q u a d r a t u r e  audio s igna ls  t o  
single-sideband modulate a n  in te rna l  r e f e r e n c e  s ignal  held a t  600  kHz, thus  
reproducing doppler f requencies  unambiguously. In S u r v e y o r ,  th i s  s e r v e s  
p r i m a r i l y  to  re jec t  negative velocity a t  t r a c k e r  IF ,  t h e r e b y  p r e s e r v i n g  the 
s e n s e  of the velocit ies.  (In a m o r e  g e n e r a l  application, th i s  would p e r m i t  
m e a s u r i n g  negative and posit ive beam ve loc i t ies  including the unwanted r a d a r  
r e t u r n  f r o m  the main  r e t r o  engine a f te r  separa t ion  f r o m  the spacecraf t .  ) 
Each frequency t racking  loop i s  closed by a voltage controlled osc i l la tor  
whose frequency i s  controlled by a d i s c r i m i n a t o r  - in tegra tor  combination, 
whose output is  a d i r e c t  m e a s u r e  of the f requency  being t r a c k e d .  

T o  p r e s e r v e  the high d e g r e e  of both ampli tude and p h a s e  balance between 
the p a r a l l e l  quadra ture  channels of e a c h  r e c e i v e r  o v e r  the ful l  dynamic range  
of s igna ls  and o v e r  the region of operat ing t e m p e r a t u r e s ,  the  p r e a m p l i f i e r  
gains  a r e  switched i n  d i s c r e t e  steps by wideband ( a t  audio) gain-  switching 
threshold  c i r c u i t s .  A s e t  of d i s c r e t e  
outputs is provided and t e l e m e t e r e d  to indicate  the ga in  s t a t e  of e a c h  r e c e i v e r ,  
as follows: 

Automatic ga in  cont ro l  is  not used .  
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Gain Swi t ch  Ga in  Swi tch  
1 2 

High ga in  Off 
(DVS,  9 0  db;  R A Y  80 d b )  

Mid ga in  Off 
(DVS, 6 5  d b ;  RA, 6 0  d b )  

Off 

On 

L o w  ga in  
(DVS a n d  RAY 40 d b )  

On On 

O t h e r  d i s c r e t e  ou tpu t s  a r e  a l s o  p rov ided  a n d  t e l e m e t e r e d .  O n e  is a 
c o n f i r m a t i o n  of app l i ca t ion  of p r i m e  power .  T h i s  i n i t i a t e s  a w a r m u p  i n t e r v a l  
ended  by a n  i n t e r n a l  t i m e r  which app l i e s  high vo l t age  t o  both k l y s t r o n s .  A set  
of t r a c k e r - l o c k  s i g n a l s  i n d i c a t e s  the s e a r c h  o r  t r a c k  s t a t u s  of e a c h  of the  
f o u r  f r e q u e n c y  t r a c k e r s .  A r e l i a b l e  o p e r a t e  d o p p l e r  v e l o c i t y  s e n s o r  (RODVS) 
d i s c r e t e  i n d i c a t e s ,  both p r i o r  to 3. 5 g t 3. 7 s e c o n d s  a n d  s u b s e q u e n t  t o  t h e  
1000-foot  mark, t h a t  all t h r e e  DVS b e a m s  a re  locked ;  be tween t h e s e  two 
t i m e s  ( in  S u r v e y o r  IV and subsequent  s p a c e c r a f t ) ,  i t  i n d i c a t e s  t h a t  a n y  o n e  
o r  m o r e  of t h e  DVS beams is locked. 
s w i t c h  a t t i t ude  s t e e r i n g  inpu t s  f r o m  g y r o s  to l a t e r a l  ve loc i t i e s .  A RORA 
( r e l i a b l e  operate r a d a r  a l t i m e t e r )  d i s c r e t e  is  on  when  and  on ly  when  beams 1, 
3 ,  and  4 a re  locked ,  t h u s  p rov id ing  r e l i a b l e  V, and  R, f o r  the f l igh t  c o n t r o l  
a c c e l e r a t i o n  c o n t r o l  loop. F r o m  the ana log  r a n g e  output ,  t h e  RADVS i t s e l f  
d e r i v e s  and  s u p p l i e s  two d i s c r e t e  r ange  mark s i g n a l s ,  o n e  at 1000 feet ( u s e d  
to  c h a n g e  f l igh t  c o n t r o l  loop p a r a m e t e r s ) ,  and t h e  o t h e r  a t  12 f e e t  ( u s e d  t o  
c u t  off v e r n i e r  e n g i n e s ) .  

RODVS c a u s e s  t h e  f l igh t  c o n t r o l  t o  

T h e  l a t t e r  i s  t e r m e d  the 14-foot m a r k  f o r  RADVS p u r p o s e s ,  s i n c e  i t  
is m e a s u r e d  f r o m  t h e  RADVS antenna  b o r e s i g h t  r e f e r e n c e ,  wh ich  is 2 4  i n c h e s  
above  t h e  l e g s - e x t e n d e d  pos i t ion  of the landing p a d s  on the  s p a c e c r a f t  s t r u c t u r e  
( w h o s e  pos i t i on  a t  v e r n i e r  eng ine  cut off, i n  t u r n ,  h a s  been  u s e d  in landing  
s t a b i l i t y  a n a l y s e s ) .  

T h e  RADVS h a r d w a r e  is packaged in  f i v e  u n i t s ,  e a c h  of which  is a 
c o n t r o l  i t e m  in Hughes  S p a c e c r a f t  Conf igura t ion  C o n t r o l .  S i n c e  t e m p e r a t u r e  
i s  m e a s u r e d  s e p a r a t e l y  f o r  m o s t  of t h e s e  u n i t s ,  t h e i r  basic compos i t ion  i s  
ind ica t ed  below: 

A/VS an tenna  

DVS a n t e n n a  

- b e a m s  1 and  4 a n t e n n a ,  mixer, a n d  p r e  - 
a m p l i f i e r  c o m p o n e n t s  

- b e a m s  2 and  3 an tenna ,  mixer,  and  p r e -  
a m p l i f i e r  c o m p o n e n t  s 

K l y s t r o n  p o w e r  supply  
m o d u l a t o r  ( K P S M )  and R A  

- i nc ludes  all c o m p o n e n t s  f o r  both DVS 

S i g n a l  d a t a  c o n v e r t e r  - a l l  f r e q u e n c y  t r a c k e r s  and  d a t a  c o n v e r t e r s  

Waveguide  a s s e m b l y  
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5. 9. 2 ANOMALIES 

T h e r e  were  no r ada r  anomalies  in the Surveyor V mission.  Possibly 
a s  a r e su l t  of the PCM data marg in  situation descr ibed  l a t e r ,  the  data con- 
tain one anomaly i n  that the RADVS on digital signal (R- 28, bit  6 of digital 
word 3) went off a t  vern ier  engine cutoff a t  the 14-foot mark .  Radar  cu r ren t  
( E P -  17) properly remained high until a f t e r  touchdown, indicating that the 
R-28 indication was fallacious. 

The entire Surveyor V te rmina l  descent was s o  nonstandard that a 
It should be  general  discussion i s  included in Appendix A to this section. 

recognized that the rea l - t ime redirect ion was to a "revised nominal" vastly 
different f r o m  a s tandard mission,  and that pe r fo rmance  i s  therefore  evalu- 
ated relat ive to this revised nominal. 

The unlock of beam 4 following r e t r o  separat ion i s  a t t r ibuted to  brief 
interruption by the separat ing r e t r o  case ,  a s  was experienced by both beam 4 
of Surveyor I11 and beam 3 of Surveyor I. 

The unlock of beam 3 ,  virtually concurrent ly  with the relock of beam 4 
and just  a f te r  the s t a r t  of s teer ing,  i s  attr ibuted to s teer ing action causing 
beam 3 in turn  to sweep a c r o s s  the receding but s t i l l  c lose  r e t r o  case .  
duration of the beam 3 unlock and the apparently s t range  data a t  i t s  inception 
posed a particularly interest ing problem whose analysis ,  presented l a t e r  
in this section, explains how multiple r ada r  actions w e r e  perfectly normal ,  
given only a r e t ro  case  interruption. CRO steer ing worked a s  intended and 
actually helped to  reduce s teer ing t ime,  which was cr i t ical .  

The 

5 . 9 . 3  SUMMARY A N D  RECOMMENDATIONS 

5. 9. 3. 1 Summary 

All DVS beams locked during r e t r o  a t  the i r  upper sweep l imi t s ,  
a s  i s  normal  and a s  has  been experienced in all p r i o r  missions 
(except Surveyor 2). 

Since the only DVS unlock (af ter  initial acquisit ion) was a f te r  
delayed burnout (3. 5 g to  3. 7 seconds) and before the 1000-feet 
mark,  the RODVS signal was properly on f rom init ial  lock to  
touchdown, in accordance with the logic modification accompany- 
ing engineering charge  proposal (ECP-23)  in Surveyor 4 and up. 
(RODVS = D1 - D2 - D3 before delayed burnout and af te r  1000 feet. 
RODVS = D1 t D2 t D3 af te r  delayed burnout and before  1000 feet.) 

Beam 4 ( R A )  acquired a t  about 16, 000 feet  slant range, because  
this was i ts  upper sweep l imit  a t  the s t i l l  very  high velocity 
during re t ro .  This  appears  quite normal ,  occurr ing about 
3. 5 seconds a f te r  DVS acquisition (normally a t  about 3300 fps) 
and s t i l l  m o r e  than 7 seconds before  3. 5 g ,  hence nea r  maximum 
re t ro  deceleration. Since beams 1 and 3 w e r e  a l ready  locked, 
R O R A  a l so  properly appeared. (RORA = D1 D3 - R a t  all  t imes.  ) 
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4) Spacecraft  t ra jec tory  conditions a t  r e t r o  separat ion w e r e  
approximately the f 011 owing : 

F r o m  FPAC 

9 =  45. 7 degrees  p =  t4 .  9 degrees  

F r o m  T M  data 

R = 6400 feet  h = 4500 feet  

V = -35. 8 fps V I  = t-60. 8 fps 

V t49 .  8 fps V 2  = +82. 2 fps 

V = +62. 5 fps V3 = t 5 2 .  4 fps 

Z 

X 

Y 

Z 

v = 8 7 . 5  fps t 

A t  r e t r o  separation, beam 4 gain-switched f r o m  GS 3 (80 db) to  
GS 2 (60 db) and dropped lock, RORA a lso  going off. Relock 
occurred  in  one sweep with the r e tu rn  to GS 3 .  
off, however, because beam 3 unlocked a s  descr ibed la ter .  ) 
This action i s  no rma l  for a brief interruption by the receding 
r e t r o  case ,  a s  in beam 4 of Surveyor 111 and in beam 3 of 
Surveyor I. 

5) 

(RORA stayed 

6)  T h e r e  was a l so  a gain-switch of beam 4 about 2 seconds p r io r  
to  r e t r o  separation. Unlike the one about 6 seconds before  
separat ion in beam 4 of Surveyor 111, however, this one (in 
Surveyor V )  did not cause a dropout, but appea r s  to have been 
normal  on the lunar  signal a t  Surveyor VIS lower altitude. 

7) While beam 4 was out, F C - 4 2  occurred  and initiated s teer ing,  
confirmed by thrus t  commands and the indicated Vy. At F C - 4 2 ,  
th rus t  control switched to the minimum-accelerat ion phase; with 
the modified t ime sequence tape-commanded in  Surveyor V, th i s  
terminated the 1. 5-second interval  of maximum thrus t  (for 
separat ion ) which had s tar ted 0. 5 second af te r  r e t r o  eject. The 
direction of init ial  steering was a significant negative pitch in 
response  to  the t Vy, plus some negative yaw in response  to  the 
-Vx of sma l l e r  magnitude. A t  Surveyor V ' s  initial attitude, the 
f o r m e r  was  pr imar i ly  to the right,  out of the original t ra jec tory  
plane, while the l a t t e r  was p r imar i ly  downward toward the  
vertical .  

8) Essent ia l ly  concurrent  with the beam 4 relock, beam 3 dropped 
out and RORA stayed off. The direct ion of s teer ing suggests ,  
and RADVS analysis  presented l a t e r  strongly indicates,  that  the 
receding but st i l l  c lose  r e t ro  c a s e  a l so  interrupted beam 3 a s  
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the l a t t e r  swept a c r o s s  i t  in  a compound dynamic geomet ry  
almost imposs ib le  to  r econs t ruc t  prec ise ly .  A l l  avai lable  data  
support this  hypothesis,  however,  and none has  been found t o  
refute it. F u r t h e r ,  i t  i s  not only physically reasonable ,  but is 
also adequate,  to  explain fully ce r t a in  RADVS data o therwise  
physically imposs ib le  without a m o s t  unlikely multiple anomaly 
situation a t  just  the r ight  t i m e  and with just  the  r ight  durat ion,  
a combination too improbable  to  b e  ser ious ly  considered.  

9)  DVS beams  1 and 2 maintained lock f r o m  init ial  acquis i t ion to  
touchdown. 
signals, but i s  a l s o  confirmed by every  avai lable  fou r - t imes -  
pe r - f r ame  value of V,, which was  continuous and r egu la r  through- 
out the descent.  

This  in  not only indicated by a l l  once -pe r - f r ame  lock 

10) The beam 3 dropout was  nei ther  a mainlobe reject ion by 
ECP-23 nor  a momentary  c ros s lobe  acquisit ion followed by 
reject ion;  the Surveyor  V geometry  precluded both possibi l i t ies .  

11) During a l l  but the  leading edge of the  b e a m  3 unlock, indicated 
values w e r e  no rma l  for  the CRO mode. 
cially high indicated V 
normal  for  D3 = 0 and real ly  denotes a V 2  of around 80 fps.  
During this  interval ,  V, was ar t i f ic ia l ly  low a t  essent ia l ly  half 
its t r u e  value,  a l so  n o r m a l  for  D3 = 0,  and indicated R, was  
slightly high because  of the  velocity compensation effect. The 
virtually constant i,idicated V impl ies  a near ly  constant V2,  
hence a n  angle of b e a m  2 with the  total  velocity vector  whose 
consine i s  changing l i t t le.  

The  "plateau" of a r t i f i -  
for  nine success ive  data samples  was  Y 

Y 

12)  A t  t h e  leading edge of the b e a m  3 unlock interval ,  however,  
t h ree  success ive  data samples  of both indicated Vy and indicated 
V,, too sys temat ic  to have consti tuted six re la ted  double-par i ty  
e r r o r s  (no single par i ty  indicated),  compr i sed  a spec ia l  si tuation 
descr ibed in  the  next section. 
tion hypothesized, RADVS act ion i s  explainable in t e r m s  of i t s  
actual design. 

Given only the r e t r o  c a s e  in t e r rup -  

13) There  was no possibil i ty of flight control  att i tude loop instabil i ty 
at t he  v e r y  low veloci t ies  involved, even with sa tura ted  l a t e r a l  
velocit ies during CRO ( a s  occur red  in V ). This  was  essent ia l ly  
the only favorable fac tor  in the Surveyor  V r ea l - t ime  ana lys i s  of 
descent conditions. 

Y 

14) C R O  steer ing opera ted  a s  intended and probably aided the  
successful  descent .  
reduced the s teer ing  t i m e  to  a significantly out-of-plane velocity 
angle a t  burnout ( s t i l l  a re la t ively s m a l l  d i spers ion  a t  the 
revised nominal conditions),  thus saving c r i t i ca l  s teer ing  t ime.  

T h e  inc reased  s teer ing  r a t e  during CRO 
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15) The 1000-foot m a r k  occurred  a t  about 1040 feet  (1090 feet  
indicated, with T M  lag),  within no rma l  tolerances.  

16) Segment acquisit ion was a t  about 800 fee t  (850 fee t  indicated, 
with TM lag) ,  and a t  about 98 fps. 

17) The 14-foot m a r k  and vern ier  engine cutoff occu r red  within 
no rma l  to le rances  (1. 7 seconds f ree- fa l l  v e r s u s  1. 4 seconds 
nominal). 

5. 9. 3 .  2 Recommendat ions 

T h e r e  a r e  no recommendat ions a r i s ing  d i rec t ly  f r o m  the  Surveyor  V 
miss ion .  

5 . 9 . 4  SUBSYSTEM PERFORMANCE ANALYSIS 

5. 9. 4. 1 RADVS Turnon 

RADVS power on occur red  properly,  within a second of r e t r o  ignition, 
a s  conf i rmed by EP-33 ,  R-28, EP-17, and the  a l t ime te r  s e a r c h  sweep 
pa t t e rn  in FC-35. 
mate ly  21 seconds l a t e r ,  a s  indicated by EP-17 (F igu re  5.2-6) ,  a no rma l  
in te rna l  delay. 

Subsequent t ime-in of the high voltage occur red  approxi-  

5. 9, 4. 2 Velocity Acquisition Conditions 

A l l  t h r e e  b e a m s  of the  doppler velocity senso r  (DVS) acqui red  and 
commenced t racking lunar  ref lected s ignals  a s  soon a s  they c a m e  within 
each t r a c k e r ' s  acquisit ion sweep frequency l imi t s .  
p r o g r a m  reconstruct ion,  conditions a t  init ial  acquisit ion f o r  eacii beam a r e  
shown in  Table  5. 9-1. 
lock t i m e s ,  whose t e l eme t ry  t i m e  accurac ies  a r e  * O .  6 second, o r  about 
f 140 fps  in beam velocit ies.  

F r o m  t h e  6DOF computer  

Assuming conditions a t  the m o s t  probable t r a c k e r  

Spacecraf t  conditions at the t ime of RODVS (a l l  DVS b e a m s  locked, 
and conve r t e r s  report ing re l iab le  V,, Vy, and Vz) ,  again f r o m  the 6DOF 
p r o g r a m  reconstruct ion,  w e r e  a s  follows: 

Vx = t30 .  7 fps 

V = t 2 7 .  0 fps 
Y 

V = t3332 fps Z 

Range = 26, 200 feet  

Attitude = 45. 58 degrees  

Altitude = 18, 310 fee t  
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TABLE 5. 9 -  1. CONDITIONS AT INITIAL ACQUISITION 

Velocity 
Component 

Along 
Beam,  

fP s 

Slant 
Range 
Along 
B e a m ,  

1000 feet  

B e a m  

Angle, Frequency,  
Incidence Doppler 

deg rees  kH z 
-~ 

41. 2 

24. 1 

22. 6 

2992 

3251 

3026 

63. 91 81. 06 

30. 07 88. 14 

34 .02  82. 18 

I 
Upper 
Sea rch  
Limi t ,  

kHz 

." 85  

= 85 

= 85 

again assuming conditions a t  the most  probable  time of RODVS, 
t e l eme t ry  t i m e  accuracy  i s  a l s o  * O .  6 second. 

whose 

5. 9. 4. 3 Range Acquisition Conditions 

F r o m  te lemet ry  and t e rmina l  descent  6DOF p r o g r a m  reconstruct ion,  
conditions a t  the t i m e  of range  t r a c k e r  lockon and RORA were :  

v = t 2 0 . 9  fps  

v = t 3 3 . 3  f p s  

X 

Y 
V = t 2349  fps  

z 

Range = 16, 220 f e e t  

Attitude = 45. 65 deg rees  

Altitude = 11, 330 f ee t  

Alt imeter  frequency = 88. 4 kHz 

Upper sweep l imi t  91  kHz 

again assuming conditions a t  the mos t  probable  time, whose t e l eme t ry  
accu racy  i s  a lso AO. 6 second. 

5. 9. 4. 4 Beam Drop-outs  

The  unlock of b e a m  4, followed by re lock  within one sweep interval ,  
occu r red  virtually a t  r e t r o  separa t ion  and is a t t r ibuted to  in te r rupt ion  by the  
receding r e t r o  case .  
been descr ibed  in  (subsect ion 5. 9. 3. 1). 

This  and re la ted  gain switching events have a l ready  

I 
1 
I 
8 
I 
8 
I 

I 
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A l s o  r e f e r r e d  to and discussed in genera l  term-s in both 
subsect ions 5. 9. 2 and 5. 9. 3. 1 i s  the unlock of b e a m  3 a t  vir tual ly  the s a m e  
t i m e  as  the  re lock  of beam 4, a l so  descr ibed  a s  caused by r e t r o  c a s e  in t e r -  
rupt ion induced by the activation of s teer ing.  
to  review and el iminate  a l ternat ive interpretat ions of t h e  data. 

It i s  the purpose  of this  sect ion 

The  durat ion of the b e a m  3 unlock appea r s  to be  two sweep in te rva ls ,  
suggesting two events ,  s ince  c a s e  interrupt ions (especial ly  during s teer ing)  
normal ly  l a s t  for  only one sweep. Apparent candidates a r e  a c a s e  in te r rupt  
a n d / o r  one o r  two mainlobe reject ions by ECP-23.  T r a c k e r  s tarvat ion by 
excess ive  rolloff a t  low velocity i s  precluded by the b e a m  3 velocity com-  
ponent a t  separa t ion  and by the direction of s teer ing  which inc reased  its 
component r a t h e r  than reducing it. 

Jus t  before  the beam 3 unlock, the ref lect ivi ty  s ignals  indicate leve ls  
nea r  -90 dbm on b e a m  1, -80 dbm on beam 2, and -85 dbm on b e a m  3, a l l  
of which c o r r e l a t e  well  re la t ive  to  their  nominal relationships.  The beam 
2 and 3 difference of about - 5  db i s  s t i l l  some  11 db f r o m  K23 = -16  db in  
equal s ta tes ,  in ECP-23. (K23 = -25 db in  unequal s t a t e s ,  but both of 
b e a m s  2 and 3 w e r e  in  GS 2 (65 db s ta te)  a t  this  t ime. ) The b e a m  1 and 3 
difference of about t 5  db i s  s o m e  30 db f r o m  K13 = -25 db in  a l l  gain s t a t e  
combinations.  It is  apparent ,  therefore ,  that  beam 3 was  not re jec ted  even 
once by ECP-23,  and that  t h e r e  were  no mainlobe re jec t ions  of any b e a m  by 
ECP-23  in Surveyor  V. 

Actually, the sma l l e s t  margin in Surveyor  V was  t h e  beam 2 and 1 
Th i s  difference of about - 10 db aga ins t  K Z 1  = - 18 db in equal gain s ta tes .  

was  recognized a s  d iscussed  in subsection 5. 9. 2, and proved to  be adequate 
in the descent.  

Since the b e a m  3 dropout followed the s t a r t  of s teer ing ,  and s ince  the 
direct ion of s teer ing  was  la rge ly  out-of-plane to the right,  it i s  physically 
logical  that  beam 3 actually was swept a c r o s s  the receding r e t r o  case .  
Ce r t a in  r a d a r  data r e m a i n  to  be explained. 

The  "plateau" of nine successive words  
in te rva l  i s  a no rma l  CRO condition, s ince  then 

of V during the b e a m  3 out Y 

instead of the usua l  

v 2  - v 3  v =  y 0. 59768 
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Associated with this  i s :  

V1 t 1.48 
- - - 

vz  1.81262 

instead of the usual 

- - v1 + v 3  
vz  1.81262 

and also an increase i n  indicated slant range because of the inadequate 
V compensation. 

values l a rge r  than those associated with the above CEO values. 
no effect on the flight control sys tem since even the Vy plateau was into the 
flight control signal limiting action, and the spike was  levelled off a l so  for 
steering action purpose s. 

As beam 3 swept a c r o s s  the receding r e t r o  case ,  the lunar signal (a t  1300 Hz) 
was shadowed and/or  the case  reflection i n  the noise sampling fi l ter  (then 
centered at -100 Hz) conspired to s ta rve  the threshold detector ,  which went 
low. The dual t ime constant (0.2 second before drop lock) maintained the 
lock signal (R-17) and the sea rch  inhibit; i n  this interval,  the tracking loop 
i s  still closed, has  a natural  negative drift,  and can and should have very  
quickly acquired the negative doppler r e t r o  case signal. 

s ea rch  mode. 
tooth sweep voltage i s  applied to the VCO, and this  r e s e t s  (flyback) at  800 Hz. 
Even at  this lower sweep l imit ,  there  i s  significant negative doppler d i s -  
crimination inherent i n  the signal f i l ter  bandpass charac te r i s t ics ,  the basic  
single-sideband design of the system, and the noise sampling f i l ter  i n  the 
acquisition control. 

With search sti l l  inhibited, however, there  i s  no sweep voltage and 
hence no reset  (flyback). 
the discriminator -integrator combination. 
not static,  however. 
almost 6 0  kHz/second. 
18. 45 seconds, and f r o m  the VCO tune-line design charac te r i s t ics  of 
100kHz/volt about a reference of 11 volts. 
i s  also effectively counted down to 100 kHz/volt at  600  kHz. ) 

integrator drift i n  the ze ro  doppler region i s :  

2 

At the s ta r t  of this interval,  however, a leading edge spike shows 
This had 

The explanation of RADVS behavior during this  interval  i s  as follows. 

This is  not a t  all  the same thing a s  r e t r o  case  acquisition i n  the 
In search,  the tracking loop i s  open, a s ea rch  function saw- 

The VCO i s  sti l l  driven i n  closed-loop tracking b y  
The ze ro  signal closed loop i s  

It has  an inherent negative drift  at  an initial r a t e  of 
This a r i s e s  f r o m  the integrator  t ime constant of 

(The 400 kHz/volt at  2 . 4  MHz 

During the 0. 2-second dropout t ime, the inherent zero-s ignal  

0. 2 
18.45 

- -  

(11. 0 volts)(e - 1)(100 kHz/volt) 

= (1000 kHz)(O. 98922 - 1) = - 11. 86 kHz 
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There fo re ,  to dr i f t  f r o m  1300 H z  to 0 r equ i r e s  only 0. 1096 of the 0 .  2 second 
provided by the duai t ime constant  c i rcui t .  

It is postulated that  t he  beam 3 t r a c k e r  t he re fo re  jumped to  the 
negative doppler r e t r o  c a s e  s ignal  and essent ia l ly  maintained i t s  lock s ta tus ,  
on that  signal,  a t  l ea s t  briefly.  ‘1’hree success ive  t e l eme t ry  samples  of both 
Vy and Vz a r e  assoc ia ted  with th i s  action a t  the leading edge of the unlock 
in te rva l ,  o r  m o r e  co r rec t ly  jus t  pr ior  to it. 
two data  in te rva ls  of 0. 3 second each. 
s t ee r ing  r a t e ,  the b e a m  3 beamwidth would have effectively c r o s s e d  the 
r e t r o  case .  

T h e s e  t h r e e  words  r ep resen t  
In 0. 6 second, a t  the  CRO sa tura ted  

This  interval  i s  m o r e  than adequate for  the threshold  de tec tor ,  
quickly r e tu rned  to high by the  case  signal,  to r e s e t  t h e  dual time constant 
c i r cu i t  before  i t  t imed out a f te r  loss  of lunar  signal. Hence, the  effective 
dropout of the t racking loop did not s t a r t  unti l  the  r e t r o  c a s e  signal l o s t  lock 
a s  a r e s u l t  of spacecraf t  s teer ing  (continuous in this  region)  and i n v e r s e  
fourth power range  decay of the case  signal. 
effective because  inc reased  velocity causes  reduced rolloff in the preampl i -  
f i e r s ,  which individually a r e  insensit ive to  a lgebra ic  sign of the  doppler 
frequency. ) 

(Range decay i s  only par t ia l ly  

When the c a s e  signal i s  lost ,  the  threshold detector  again went low 
and s t a r t e d  another 0. 2-second dropout t i m e  constant.  In th i s  situation, the  
luna r  s ignal  (now returning)  would appear  in  the  upper  image  of the  noise  
sampling f i l t e r  and may have aided the l o s s  of the  c a s e  signal. The  z e r o  
s ignal  closed-loop dr i f t  would now dr ive  the  t r a c k e r  away f r o m  the lunar  
signal in  frequency, preventing its immediate  reacquis i t ion.  Thus,  the  
ze ro - s igna l  c losed loop can snap quickly downward ( a s  f r o m  the  moon to  the 
c a s e )  but is  vir tual ly  incapable of snapping quickly upward ( f rom the c a s e  
back t o  the  moon) to a signal a l ready within i t s  noise  sampling f i l ter .  

During this second dual-t ime constant in te rva l ,  t h e r e  i s  no new signal 
( subjec t  to the above) to  prevent  t ime-out of the  full  0. 2 second. 
f r o m  a low but a l ready  negative doppler,  the z e r o  signal closed-loop na tura l  
d r i f t  would c a r r y  the t r a c k e r  a lgebraical ly  below - 12 kHz before  the  s e a r c h  
inhibit and the t r a c k e r  lock signal a r e  removed. Two additional f ac to r s  a r e  
significant to  the t iming of these events. 

Start ing 

During the closed-loop mode, the  t r a c k e r  spec ia l  logic uses  the 
t r a c k e r  lock signal a s  the command to  supply VCO frequency t o  the a r i thmet ic  
conve r t e r s ,  thus producing the  leading edge spike Vy and V, values  actually 
observed.  
which the  special  logic sends zero-doppler  (600 kHz) r e f e r e n c e  to the  convert-  
e r s ,  producing the CRO plateau values previously noted. Simultaneously,  the  
r e s e t  function i s  inactive during the  s e a r c h  inhibit (closed-loop) mode, and 
becomes  ac t ive  with the  removal  of the s e a r c h  inhibit. The  r e s e t  detector  
u s e s  a low-pass  f i l t e red  output of a mixe r ,  fed by 600 kHz and by VCO f r e -  
quency, without r e g a r d  to  phase; hence, the r e s e t  should occur  for  any 
t r a c k e r  frequency between -800 Hz and t 8 0 0  Hz. With the t r a c k e r  a l r eady  
below -800 Hz when s e a r c h  function is applied, n o r m a l  r e s e t  would not occur .  

Not until t ime-out  of t he  0. 2 second is the lock signal off, a f te r  
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Having bypassed the usual  r e s e t  detector ,  application of sweep voltage 
dr ives  the t racker  s t i l l  m o r e  negative in (doppler) frequency. 
velocit ies were  constrained by specification to posit ive values,  negative 
doppler acquisition had been a sys t em requirement .  
designed to  c a r r y  to  -25 kHz before flyback by a -0.  25 volt dc ( re la t ive  to  
11 volt dc) tune-line voltage detector .  
800 Hz r e s e t  detector was added to the  system. 
occurred  f r o m  -25 kHz. 
normal ,  with reacquisit ion on the downsweep f r o m  t 2 3  kHz. 

Before beam 

The bas ic  sweep was ,  

This was not removed when the 
Hence, flyback would have 

After flyback, a l l  sweep functions would again be  

This  explains the duration of the beam 3 unlock interval.  It was  
essent ia l ly  a single sweep of double the normal  width, hence constituting a 
single event - the  r e t r o  c a s e  interruption - r a the r  than multiple events. 

One i tem more  in  the data needed explaining, and this  was the r i s e  
The explanation of this l i e s  in  the design of 

- 
in V along with the Vy spike. 
the ar i thmetic  converters .  
devices because of the bipolar na ture  of these quantities. 

Z The V, and Vy conver te rs  a r e  t r u e  a lgebra ic  
The V, converter  

was  made s impler ,  howe te r ,  s ince V itself is-  
Study of the design of th i s  converter  s%ows that 

Y 

never  negative operationally. 
it actually produc e s : 

- /V i  I t  l v 3 /  
1. 81262 v =  

Z 

r a the r  than the  a lgebraic  quantity 

v1 + v 3  v =  z 1. 81262 

With D3 m o r e  negative than D1 i s  positive, t h e r e  is an effective "foldover" 
in t h e  Vz output. It therefore  appears  to r i s e  a t  the s a m e  t ime  a s  the indi- 
cated V Y c onve r t e r . Y i s  driven above the CRO level by the algebraic  na ture  of the V 

The picture appea r s  complete. A single event, r e t r o  case  in t e r rup -  
i s  adequate to explain all data points i n  th i s  interval  i n  t e r m s  of RADVS tion 

operation as designed. 
necessa ry  as a consequence of steering. 
physically impossible velocity values by conventional data interpretat ion 
(including CRO), or a complex highly co r re l a t ed  se t  of multiple anomalies  
at  just  the right t i m e s  and disappearing aga in .  

The event i tself  is  not only plausible but a lmost  
Any other  explanation poses  e i ther  
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5. 9. 4 .5  Revised Nominal db Budget 

The db budget f o r  the revised Surveyor  V conditions is shown in 
Table  5.9-2. 

TABLE 5.9-2.  RADVS INDIVIDUAL BEAM db BUDGETS 
BEFORE STEERING 

Using m e a s u r e d  P t  and G values and  nominal ref lect ivi ty  model  

F o r  6 = 45.7 d e g r e e s ;  p = t 4 .9  d e g r e e s ;  and R - = 6419 fee t  

Values 

Pt ,  d b m  

G, db 

(1 /2) ,  db 
A2, db 

(4~r)-', d b  

(4. 48 kilofeet)-', db 

cos' 8i, db 

F ( 8 i ) ,  d b  

rl(K/cu3), db 

S u m  of t values  

S u m  of - values  

P,, d b m  

8i, d e g r e e s  

d e ) ,  db 
R ,  kilof e e t 

B e a m  1 

t 33.79 

t 28.55 

- 3.01  

- 22.64 

- 21.98 
- 73. 03 

- 7. 18 

- 13. 16 

- 1.72 

t 62 .34  

- 142.72 

- 80.38 

64. 0 

- 14.88 

10.21 

B e a m  2 

t 34.35 

t 28.45 

- 3.01  

- 22.64 

- 21.98 

- 73.03 

- 1.27 

- 10.01 

- 1.72 

+ 62.80 

- 133.66 

- 70.86 

30. 2 

- 11.73 

5. 1 9  

5. 9 .4 .6  T M  Mode 6 Data  Word S u m m a r y  

L A  

B e a m  3 

t 33.87 

t 28.50 

- 3.01 

- 22.64 

- 21.98 
- 73. 03 

- 1.64 

- 10.67 

- 1.72 

t 62.37 

-134.69 

- 72.32 

3 4 . 1  

- 12.39 

5 . 4 1  

B e a m  4 

t 24.64  

t 2 8 . 0 5  

- 3 . 0 1  

- 22.36 

- 21.98 
- 73.03 

- 3.12 

- 12.12 

- 1.72  

t 52.69 

- 137. 34 

- 84.65 

45 .7  

- 13.84 

6 .42  

Tables  5. 9-3, 5. 9-4, and 5.9-5 a r e  P C M  t e l e m e t r y  data  re la ted  to  
r a d a r  per formance .  

Additions to GMT a t  start  of f r a m e  a r e  shown f o r  digi ta l  data;  these  
a r e  u s e d  t o  c o r r e c t  f o r  word and bit location a t  1100 bps.  Events  will  n o r -  
m a l l y  b e  interpolated as  occurr ing  midway between l a s t  off ( o r  on) and first  
on ( o r  off), plus o r  minus  half the sampling in te rva l .  
t i m e  constants  and frequent  r e v e r s a l s  (only s o m e  of which a r e  o b s e r v e d ) ,  
gain s t a t e s  normal ly  will  be indicated only as  a t  the a c t u a l  t i m e s  of sampling.  

Because  of t h e i r  s h o r t  

5. 9-13 



Additions to G M T  a t  s t a r t  of f r a m e  a r e  not shown f o r  ana log  d a t a ,  b u t  
a r e  being t r e a t e d  as  0. 010 second t i m e s  the  c o m m u t a t o r  w o r d  n u m b e r  f o r  
analog v a l u e s  a t  1100 bps .  

TABLE 5 .9 -3 .  S E L E C T E D  DIGITAL DATA, SAMPLED 
ONCE P E R  F R A M E  

Digi ta l  word 2 

(bcd )  F C - 1 8  

Digi ta l  word 3 

Bit  4 FC-66 

Bi t  6 R - 2 8  

B i t  10  F C - 2 8  

Digi ta l  word 9 
Bi t  5 F C - 6 3  

B i t  9 F C - 3 3  

B i t  10  F C - 3 4  

Digi ta l  word 11 

Bi t  8 E P - 3 3  

Digi ta l  word 12 

Bit  3 R-17 

Bit  5 v - 4  

B i t  6 R-18 

Bi t  7 R - 1  

B i t  8 R - 1 1  

Dig i ta l  word 13 

B i t  1 R-15 

Bi t  2 R-19 

Bit  3 R-20 

Bi t  4 R-2 1 

Bit  5 R-22 

Bit  6 R-23  

T M  Mode 6 

Commuta to r  word  53 

Magnitude r e g i s t e r  

Commuta to r  word  13 

T h r u s t  phase  power  on 

RADVS on 

V e r n i e r  igni t ion 

Commuta to r  word  83 

Ine r t i a  swi t ch  

RORA 

RODVS 

Commuta to r  w o r d  113 

RADVS p y r o  swi t ches  

Commuta to r  word  73 

D3 lock  

R e t r o  not e j e c t e d  

R lock  

AMR on 

AMR enabled  

Commuta to r  w o r d  103 

D1 lock  

D1  GS1 

D1 GS2 or 1 

D2 GS1 

D2 GS2 or 1 

D3 GS1 

5.9-14 

A t  1100 bps ,  
Add Seconds  t o  
S t a r t  of F r a m e  

Compute r  ID 12 

(to. 530)  

Computer  ID 13  

( t o .  124)  

( t o .  126)  

( t o .  130)  

Compute r  ID 19 
( t o .  825)  

(to. 8 2 9 )  

(to. 830)  

Computer  ID 184 

( t l .  128)  

Compute r  ID 21  

(to. 723)  

( t o .  725)  

( t o .  726)  

( t o .  7 2 7 )  

( t o .  728)  

Computer  ID 185 

( t l .  021)  

( t l .  022)  

( t l .  023)  

( t l .  024)  

( t l .  025)  

( t l .  026)  

~~ ~ ~ 



I. 
I 
4 
t 
I 
I 
I 
8 
8 
8 
8 
I 
I 
I 
I 
1 
1 
8 
1 

I 1 TM Mode 6 

B i t  7 R-24  D 3  GS2 o r  1 

B i t  8 R-25 R GS1 

Bi t  9 R-26 R GS2 o r  1 

Bi t  10  R-16  DZ l o c k  

T a b l e  5. 9-3 ( con t inued)  

A t  1100 bps, 
Add S e c o n d s  t o  
S t a r t  of F r a m e  

( t l .  027)  

( t l .  028)  

(4-1.029) 

( t l .  030)  

T A B L E  5.9-4.  DIGITAL DATA S A M P L E D  1 2  TIMES P E R  F R A M E  

T M  Mode 6 

A t  1100 b p s ,  
Add Seconds  t o  
S t a r t  of Frame 

Dig i t a l  w o r d  4 C o m p u t e r  ID No. 14 

C o m m u  ta t o r wo r d s 2,  12 ,  22 ,  32, . . . , 102, 112 

( L e t  N = 1, 2 ,  3, 4, . . . , 11, 1 2 )  

B i t  1 

B i t  2 

B i t  3 

Bi t  4 

B i t  5 

B i t  6 
Bi t  7 

B i t  8 

B i t  9 
B i t  1 0  

F C - 6 2  

F C-64 

F C - 2 8  

F C - 2 9  

F C - 3 0  

F C - 3 1  

F C - 4 2  

F C - 3 7  

FC-36  

F C-38 

R e t r o  s e q u e n c e  mode o n  

AMR mark 

V e r n i e r  igni t ion 

R e t r o  igni t ion 

R e t r  o bu rnou t  

R e t r o  e j e c t  

S t a r t  RADVS d e s c e n t  

1 0 0 0 -foot  mark 

10-fps  m a r k  

14-f oot  m a r k  

t O . 0 1 1  t o .  1 ( N - 1 )  

t o .  012 t o .  1 ( N - 1 )  

t o .  013  t o .  1 ( N - 1 )  

t o .  0 1 4  t o .  1 ( N - 1 )  

t 0 . 0 1 5  t o .  1 ( N - 1 )  

t 0 . 0 1 6  +O. 1 ( N - 1 )  

t 0 . 0 1 7  t o .  1 ( N - 1 )  

t o .  018  t o .  1 ( N - 1 )  

t o .  019 t o .  1 ( N - 1 )  

t o .  020  t o .  1 ( N - 1 )  
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I TABLE 5.9-5.  SELECTED ANALOG DATA, TM MODE 6 

E P-2 

EP-17  

FC-35 

FC-39 

F C-40 

F C - 4 1  

FC-77 

P-18 

P- 19 
P-20 

R - 2  

R-3  

R-4 

R-5 

R-8 
R -  12 

R -  14 

R-29 

Unregulated b u s  voltage 

Radar  and squib c u r r e n t  

Rz 

v x  

vY 
v z  
Reference r e t u r n  

V e r n i e r  engine 1 s t r a i n  gauge 

Vernier  engine 2 s t r a i n  gauge 

V e r n i e r  engine 3 s t r a i n  gauge 

B e a m  4 ref lect ivi ty  

B e a m  1 ref lect ivi ty  

B e a m  2 ref lect ivi ty  

B e a m  3 ref lect ivi ty  

KPSM t e m p e r a t u r e  

AMR magnet ron  c u r r e n t  

AMR AGC 

AMR la te  ga te  s igna l  

Commu ta t o r 
Word( s )  

69 
49 
18, 48, 78, 108 

24, 54, 84, 114 

25, 55, 85, 115 

26, 56, 86, 116 

99 
7, 37, 67, 97 

11, 41, 71, 101 

28, 88 
4, 6 4  

44, 104 

14, 74  

34, 94 
10  

59 
43 

8 9  

5 . 9 . 4 . 7  Surveyor  V Event  T i m e s  

The GMT a t  DSIF-11 a t  time of da ta  record ing  is shown. Table  5 .9-6 
gives  a number of significant s p a c e c r a f t  and re la ted  r a d a r  events  defining the 
m a j o r  i t e m s  in the t e r m i n a l  d e s c e n t  sequence.  Table  5 .9-7 shows the u s e  of 
the magnitude r e g i s t e r  (FC-18)  to  ref ine the t i m e s  of v e r n i e r  ignition and  
AMR mark. Table 5 .9-8  shows RADVS t r a c k e r  lock s igna ls  and repea ted  
a s s o c i a t e d  spacecraf t  events .  In all of these  tab les ,  a s igna l  is shown as 
going on  at  a t ime interpolated between its last  a b s e n c e  and i t s  f i r s t  p r e s e n c e ,  
plus  o r  minus one-half the d a t a  sampling interval .  

Table  5. 9-9 shows e v e r y  gain s ta te  indication a t  the t i m e  of data  
sampling,  except that  repea ted  ga in  s t a t e s  a r e  deleted.  
conf i rmed in the data ,  however ,  except  f o r  d a t a  outages as  noted. 

T h e i r  p r e s e n c e  was  
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TABLE 5.9-6. SURVEYOR V EVENTS ( E X C E P T  TRACKER 
LOCKS A?;= GAIT< STATES 

R - 1  -7 
R - 1 1  

F C - 6 4  

FC-28  

FC-29  

F C - 6 4  

E P - 3 3  

R-28 

F C - 6 3  

FC-34  

F C - 3 3  

F C - 6 3  

F C - 3 0  

F C - 3 1  

v-4 
F C - 7 8  

F C - 3 3  

F C - 7 8  

F C-42 

F C - 3 3  

F C - 3 7  

F C - 3 6  

F C - 3 8  

F C - 5 2  

R-28  

I 

( f r o m  P-18) 

F C - 3 4  1 F C - 3 3  

AMR o n  

AMR enable  

AMR m a r k  

V e r n i e r  ignition 

R e t r o  ignition 

AMR m a r k  off 

RADVS p y r o  switch 

RADVS on 

Ine r t i a  switch off 

RODVS 

RORA 

Ine r t i a  switch 

R e t r o  burnout 

R e t r o  e j e c t  

R e t r o  e j ec t ed  

High t h r u s t  

RORA off 

High t h r u s t  off 

S t a r t  RADVS descent  

RORA ( f r o m  EDPLOT)  

1000-foot mark 

10 f p s  

1 4-f 00 t ma r k 

Nominal  th rus t  off 

RADVS off 

Touchdown 

RORA off 

RODVS off 

I 

GMT : 
minutes :  seconds  

40:02. 458*0. 6 

43:03. 656*0. 6 
44:39. 088*0. 05 

44:51. 389*0. 0 5  

44: 52.490*0. 05 

44:52. 588*0. 05 

44:53. 254*0. 6 
44: 53.452*0. 6 

44: 54. 151*0. 6 

45:20. 555*0. 6 

45:24. 154*0. 6 
45:31. 350*0. 6 

45:31. 490*0. 05  

45:40. 391*0. 05 

45:40. 850*0. 6 
45:40. 951*0. 6 

45:40. 954*0. 6 
( p a r i t y  e r r o r )  

45:42. 392*0. 05 

45:47. ooo*o. 7 

46: 19. 692*0. 05 

46:37. 092*0. 05 

46:42. 691*0. 05 

46:42. 151*0. 6 
46:42. 649*0. 6 
46:44. 397+0, -0. 07 

46:44. 552*0. 6 
46:46. 953*0. 6 

1 
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TABLE 5.9-7. TIMING R E F I N E M E N T  

Digital  Word 2 - Magnitude Regis te r  ( F C - 1 8 )  

GMT 

254:00:44:38.856 

40.056 

41.256 

49.6 56 

50.856 

52.056 

bcd 

247 ( s to red  

2 28 

2 04 

36 

12 

1012 

Vernier  ignition at: 

44:50. 856 

0. 575 f 0. 025 

44:51.431 f 0. 025 

Actual de l ay  = 247 bcd 

= 12. 325 f 0. 025 

Clock s t a r t  a t  44:39. 106 f 0. 050 

FC-64  at 44:39. 088 f 0.050 

Actua l  m a r k  a t  44:39. 138 maximum 

44:39. 056 minimum 

= 44:39. 097 f 0. 041 
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T A B L E  5.9-8.  SURVEYOR V RADVS TRACKER LOCK AND 
RELATED SIGNALS 

R - 1 6  

F C - 3 4  

R - 1 7  

R - 1 5  

R - 1 8  

F C - 3 3  

v - 4  

R - 1 8  

F C - 7 8  

F C - 3 3  

F C - 4 2  

R - 1 7  

R - 1 8  

R - 1 7  

F C - 3 3  

F C - 3 8  

R - 2 8  

( f r o m  P - 1 8 )  - 
R - 1 8  

F C - 3 3  

R - 1 5  

F C - 3 4  

R - 1 7  - 
R - 1 6  

D2 lock  

RODVS 

D3 lock  

D 1  lock  

R lock  

RORA 

R e t r o  ejected 

R lock  off 

High t h r u s t  

RORA off 

S t a r t  RADVS d e s c e n t  
(at m i n i m u m  a c c e l e r a t i o n )  

D3 lock  off 

R lock  

D3 l o c k  

RORA ( f r o m  E D P L O T )  

14 -foot mark 

RADVS off 

Touchdown 

R lock  off 

RORA off 

D l  l ock  off 

RODVS off 

D3 lock  off 

D2 lock  off 

GMT 
m inut e s : s e c ond s 

45:19. 555*0. 6 
45:20. 555*0. 6 
45:20. 448*0. 6 
45:20. 746*0. 6 
45:24. 051*0. 6 
45:24. 154*0. 6 
45:40. 850*0. 6 
45:40. 851*0. 6 
45:40. 951*0. 6 
45:40. 954*0. 6 

45:42. 392*0. 05 

45:43. 248*0. 6 
45:43. 251*0. 6 
45:46. 846*0. 6 
45:47. ooo*o. 7 

46:42. 691*0. 05 

46:42. 649*0. 6 
46:44. 397*0, -0. 07 

46:44. 449*0. 6 
46:44. 552*0. 6 
46:45. 944*0. 6 

46:46. 953*0. 6 
46:46. 846*0. 6 
46:47. 153*0. 6 

Table  5. 9 - 9  shows e v e r y  gain s t a t e  ind ica t ion  at the  t i m e  of da t a  
T h e i r  p r e s e n c e  sampl ing ,  except  tha t  r epea ted  gain s t a t e s  a r e  deleted. 

w a s  conf i rmed  in the da t a ,  however,  except  f o r  d a t a  ou tages  as  noted. 
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T A B L E  5 .9-9 .  S U R V E Y O R  V R A D V S  GAIN STATES AT 
S A M P L I N G  TIMES 

(Omitting in te rva ls  with no charge  indicated) 

G M T  : 
minutes:  seconds 

45: 15. 35 

45:16. 55 

45:20. 15 

45:21. 35 

45:30. 95 

45:32. 1 5  

45:33. 35 

45:34. 55 

45:35. 7 5  

45:36. 95 

45:38. 15 

45:39. 35 

45:40. 55 

45:41. 75 

45:42. 95 

45:44. 15 

45:45. 35 

45:46. 55 

45:47. 75 

45:48. 1 ( E D P L O T )  

45:48. 95 

45:50. 15 

45:51. 35 

45:52. 55 

45:53. 7 ( E D P L O T )  

45:54. 9 ( E D P L O T )  

45:56. 1 ( E D P L O T )  

45:57. 3 ( E D P L O T )  

45:58. 5 ( E D P L O T )  

Beam 
1 

3 

3 

2 

2 

3 

2 

3 

2 

3 

3 

2 

2 

3 

3 

3 

2 

2 

2 

2 

2 

2 

I Be;m 

Ream 
2 

3 

2 

2 

(par i t  

3 

e r r o r )  

2 

2 

(data outage) 

2 1  2 
(data outage) 

(data outage) 

(par i ty  e r r o r )  

2 I 2 

5 . 9 - 2 0  

Beam 
4 

3 

3 

3 

3 

2 

2 

3 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 



0 

Table 5. 9-9.  !continued) 

GMT : 
minutes:  seconds 

45: 59. 7 ( E D P L O T )  

46:OO. 9 ( E D P L O T )  

46:02.  1 ( E D P L O T )  

46:03.  3 ( E D P L O T )  

46:04. 55 

46:15.  35 

46: 16.  55 

46:17.  75  

46:  18. 95  

46:20. 1 5  

46:21. 35  

46:22. 55 

46:23. 75  

46:24.  95  

46:26. 1 5  

46:28.  55 

46:29. 75  

46:30. 95  

46:32.  1 5  

46:34.  55  

46:35.  75 

46:36.  9 5  

46:38. 1 5  

46:39.  3 5  

46:40. 55  

46:41. 75  

46:42. 95  

46:44. 1 5  
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5. 9. 4. 8 Descent Reconstruction 

The f i r s t  s e t  of graphs of R ,  Vx,  Vy , and Vz (F igures  5. 9 -  1 and 
5. 9 - 2 )  compare PREPRO processed  te lemet ry  data with the 6DOF p rogram 

values  for the revised nominal conditions. 

The second se t  of R ,  Vx, VY,  
5. 9-4) a r e  direct  Cal-Comp plots f r o m  data tapes ,  through te lemet ry  
conversion coefficients, in engineering units. Missing data have been filled 
in by hand f r o m  other tape dumps where  available. 
values have been overlaid by hand. 

and Vz graphs (F igures  5. 9 - 3  and 

Revised nominal 6DOF 

5. 9. 4. 9 Radar Reflectivitv Analvsis 

RADVS gain-switching events and ref lect ivi ty  signal amplitudes for  
the Muhleman reflectivity model were  der ived,  descr ibed,  and presented in 
a success ion  of r ada r  description and Surveyor I prediction packages,  and 
were  presented again in the Surveyor I postmission report .  
difference in frequency responses  seen by the signal c i rcu i t s  and by the 
gain-switching threshold circui ts  was t rea ted  in detail ,  with predictions of 
higher than necessary  gain s ta tes  a t  very low alt i tude,  s ta r t ing  about 
1 0  seconds before touchdown. 
mission performance and again in Surveyor V. 

The unusual 

This response  was confirmed in the Surveyor1  

Not just f o r  r a d a r  purposes ,  but f o r  the l a r g e r  ana lyses  of the en t i r e  
te rmina l  descent of each  mission,  an appreciable  effor t  i s  devoted to a com-  
plete and accurate  nine-dimensional t ra jec tory  ve r sus  r ea l - t ime  recon-  
struction. 
c ra f t  attitude once s teer ing has  s t a r t ed ,  it i s  possible to converge on an  
accura te  and unique solution in which att i tude i s  implicit  by i terat ion of a 
p rec i se  spacecraf t  simulation against  every  significant te lemet ry  channel, 
a s  descr ibed  in the te rmina l  descent discussion. 
reconstruction, and in re turn ,  the simulation provides expected o r  predicted 
reflectivity signal s t rengths  throughout the descent. 
a lmost  t r ivial  in the almost  exactly nominal Surveyor I, but has  proved i ts  
utility in matching Surveyors  111 and V. 

While this p rocess  i s  hampered  by lack of d i rec t  data on space-  

Radar  data aid in this 

This p rocess  was 

The resul ts  were  presented in subsection 5. 9. 4. 8, and the received 
signal s t rength ve r sus  t ime plots a r e  represented  h e r e  along with the actual  
te lemetered  received signal s t rength data for  comparison. Also shown on 
these plots a r e  the gain s ta tes  for  each  rece iver  throughout the descent  
phase. Figure 5. 9 - 5  shows beam incidence angles and reflectivity f ac to r s  
from 6DOF versus t ime. 

It should be noted that the reflectivity signal voltage i s  not always a 
t r u e  indicator of received signal s t rength when the preamplif ier  i s  switching 
between two gain s ta tes .  
where the transit ion f r o m  gain s ta te  2 to 1, for  example,  occu r s  over  an  
interval  in which switching i s  temporar i ly  f requent  and even rapid-sometimes 
m o r e  rap id  than the gain s ta te  signal sampling. For this r eason ,  not all gain 

This  i s  quite evident on a l l  beams in the regions 
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Figure 5. 9- 2. Spacecraft Velocities - Reconstructed 
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s t a t e  signal indications can b e  taken a t  f ace  value,  par t icu lar ly  s ince  the 
switching t ime constant can be  appreciably l e s s  than the s t a t e  s ignal  sampling 
in te r  V a l .  

Reflectivity s igna l  voltage is an  unambiguous value,  but i t s  d b m  
in te rpre ta t ion  may be e i ther  ambiguous o r  completely obscure.  
r eason ,  special  symbols  a r e  employed in F igu re  5. 9-6.  Where t h e r e  is no 
apparent  ambiguity o r  inconsistency with s t a t e  indications,  t h ree  symbols  
a r e  used,  namely 

F o r  this 

A 0 X 

GS 3 GS2 GS 1 

Where the indicated s t a t e  is probably c o r r e c t  but a n  a l te rna t ive  in t e rp re t a -  
tion is  possible,  the probable value is  shown by one of the above, and the 
a l te rna t ive  value by a box (0 ) .  
box-s t roke  ( f l o r ' q )  implies  that  the s t a t e  has  probably changed s ince  l a s t  
sampling,  and a l i t e r a l  reading of data  appea r s  wrong. 
uncertainty a s  to t rue  value,  which is probably somewhere  in between. 

The converse  of th i s ,  one of the above and a 

Two boxes imply 

5. 9. 4. 10 Reflectivity Model 

The  lunar  r a d a r  reflectivity model  used by Hughes and approved by 
JPL f o r  design and evaluation of both Surveyor  r a d a r s  was developed by  
D. 0. Muhleman. Dr.  Muhleman i s  s t i l l  act ive on the Surveyor  scient i f ic  
evaluation t e a m ' s  E lec t r i ca l  Working Group. Th i s  model  has  been c o m -  
pletely descr ibed  in  previous documentation. (See,  for  example,  the 
Surveyor  111 Final Pos t -Miss ion  Report .  ) 
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APPENDIX A TO SECTION 5 .9  
REVISED TERMINAL DESCENT 

The Surveyor V vern ier  propulsion problem ( see  Section 5. 6 )  neces-  - 
sitated a complete revision of original planning for the terminal  descent. 
The p r ime  consideration was  a minimal thrust- t ime demand upon vernier  
engines, dictating a short  descent t ime f rom very low altitude-velocity con- 
ditions a t  main r e t ro  burnout. The revised nominal conditions had to be 
selected fa r  below the normally predicted 30- variation about even the lowest 
nominal set  normally considered. Revised dispersion est imates  about the 
revised nominal conditions showed a 40 percent probability of even having 
enough t ime to complete steering properly in conjunction with capturing the 
descent profile, and this was only one of the conditions to be satisfied. Never- 
theles s, performance was notably close to  the revised nominal conditions. 

In contrast  with typical burnout conditions of around 35, 000 feet 
slant range and 470 fps total velocity, the revised nominal Surveyor V con- 
ditions were  6000 feet and 80 fps; post-flight data showed 6400 feet  and 85 fps. 
Instead of a typical descent profile capture  a t  about 22,000 feet with 100 sec -  
onds to touchdown, Surveyor V acquired the third descent segment at about 
800 feet, essentially the revised nominal, with 22 seconds to touchdown. 
The total  decent t ime under RADVS control of 6 2  seconds was well under half 
the typical value. That actual performance was so close to the revised nom- 
inal  values i s  a remarkable  tribute to spacecraft  sys tem and guidance and 
t ra jec tory  analyses  which re-evaluated in r ea l  t ime every  significant factor 
in  the system under those conditions. 

The re  was essentially no effect of the revised descent upon the 
Surveyor V AMR since marking range i s  fixed and lower terminal  conditions 
were  achieved by increasing the commanded delay between m a r k  and engine 
ignition. 
typical 2 to 3 seconds. 
t rave l  of about 8500 feet. ) 

This delay was 12. 33 seconds in  Surveyor V,  a s  opposed to a m o r e  
(At unbraked velocity, every second of delay i s  a 

While the Surveyor V approach velocity was actually reduced slightly 
by the pr ior  six midcourse burns, the effect upon AMR marking was only to 
slightly reduce a minor contributor to marking dispersion. The significant 
AMR analysis  problem was to refine as  closely as possible the expected 
marking range; just  the difference between nominal and tes t  data values 



was over 700 feet. 
total dispersion; 
recommendation prevailed, and the nominal value was used. 

At high alt i tudes,  this is  normally a small fraction of 
in Surveyor V i t  could have upset conditions. The analysis 

In the RADVS, the markedly reduced altitude a t  burnout tended to 
produce stronger returned signals, in itself a benefit. Capable of m o r e  than 
offsetting this,  however, were velocity effects - especially the much l a r g e r  
velocity (magnitude and angle) dispersions to  be expected a t  such low speeds. 
There were significant probabilities of having extremely low o r  even negative 
velocities on one, two, o r  even a l l  th ree  DVS beams.  Most such situations 
cor re la ted  directly with failure cycles in Monte Carlo runs showing a 
60 percent probability of inadequate steering t ime because of the dynamic 
geometry. 
nominal ca se ,  hoping i t  could be achieved (as i t  was,  essentially),  with as 
much dispersion capability as could be accommodated without degrading 
revise  d nominal performance . 

Hence, the best  that could be done was to favor the revised 

Given the approach angle of about 45. 7 degrees  defined by the landing 
site,  and given the revised nominal burnout conditions required for  propul- 
sion, the only ope rational pa rame te r s  available to favor RADVS operation 
were  a r e t r o  pointing bias to keep the revised nominal burnout velocity close 
to local lunar  vertical  and the spacecraft  rol l  attitude before te rmina l  descent 
steering. This rol l  attitude parameter  is  normally chosen to simultaneously 
meet  the three varying influences of RADVS operation, ornniantenna coverage 
for telecommunications, and landed orientation for thermal ,  photographic, 
and other scientific purposes. In the Surveyor V real- t ime operation, a l l  
post-touchdown considerations were  cancelled, and data coverage was  sub- 
jugated to attempting a successful soft landing. By management decision, 
roll  angle selection was based upon RADVS analysis  recommendations. 

An ear l ie r  tentative choice of P = +45 degrees  was recommended a s  
l e s s  than optimum for  the following reasons.  While probably the best  angle 
for  beam 2 alone while making beams  1 and 3 symmetr ical ,  P = +45 degrees  
st i l l  posed several  significant r i sks .  
locked, a re t ro  case  interrupt of beam 2 would cause CRO steer ing upward, 
a waste  of steering t ime (twofold) that was already cr i t ical .  
the revised nominal burnoutvelocity close to ver t ical  posed a significant 
probability that beam 2 would be the only beam initially acquired. Also, 
even the revised nominal ca se  would sweep beam 2 right a c r o s s  the local 
ver t ical ,  making  likely a mainlobe rejection by beam 2. 
altitude conditions, this would in itself be no problem, but i n  Surveyor V 
every second of steering t ime was cr i t ical .  

With e i ther  o r  both of beams 1 and 3 

Lacking this ,  

At standard (high) 

I t  was  therefore recommended that two beams be favored rather  than 
only one. Considering the revised burnout velocity hoped for ,  P = 4-90 degrees  
would favor beams 1 and 2, while P = 0 degree would favor beams 2 and 3. 
Either of these appeared to offer more  dispersion capability than would 
P = 4-45 degrees.  
tions i n  the event of a r e t ro  c a s e  interruption of e i ther  of the two lower beams 
(as in fact did occur). 
crossing vertical  and thereby making mainlobe rejection(s) likely. 

Each a l so  offered CRO steering in  m o r e  favorable d i rec-  

Each a l so  offered minimal chance of any DVS beam 
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The angle p = 0 degree  was  p re fe r r ed  over  P = t 9 0  degrees  because 
there  was 2 db more  marg in  (in ECP-23) against  beam 2 rejecting beam 1 
a t  P = 0 degree (K21 = 18 db) than against beam 2 rejecting beam 3 a t  
P = +?O degrees  i i i Z 3  = 16 dbj. 
both beam 1 alone and the beam 2, 1 pair .  
roll-yaw maneuver would produce P = $5  degrees  without a third ( ro l l )  
maneuver ,  and that angle was selected. 
P = 4-4.88 degrees .  

A siightiy positive rol l  angle wouid favor 
It  was  found that a standard 

The in-flight angle developed was  

The soft-landing pr ior i ty  was unfortunately not without some penalty 
i n  omniantenna coverage,  a s  was predicted by telecommunications analyses.  
A s  a resu l t ,  Station 11 P C M  data contained a brief outage a s  well  as re la -  
tively frequent parity e r r o r s  during much of the descent,  as predicted by 
a -1. 5 db PCM margin.  
operation not only because of the soft-landing pr ior i ty  but a l so  because 
Station 14 was up and supporting the mission with a predicted comfortably 
posit ive P C M  margin. Unfortunately, Station 14 had unpredicted difficulties, 
producing data with fewer  basic parity e r r o r s  but severe ly  sustained out-of- 
synch intervals  and a long complete outage. 
be s t  available.  

This  was accepted during the Surveyor  V rea l - t ime 

Station 11 data a r e  s t i l l  the 

F o r  this reason ,  post-mission analysis  has  been l e s s  accu ra t e  than 
i s  normally desirable  in  a standard mission. 
miss ion  success  in such an extremely nonstandard situation. It i s  a l so  con- 
s ide red  that sufficient ana lys i s  h a s  been possible,  and per formed as reported 
he re ,  to es tabl ish c l ea r ly  a l l  qualitative a spec t s  of the descent ,  and to do so 
with sufficient quantitative accuracy to justify the conclusions.  Accura te  
scale factor  e r r o r  and noise evaluation have not been possible.  Reflectivity 
evaluation i s  good during the inertial  attitude phase before s teer ing.  A s  

pretation af ter  s ta r t  of s teer ing i s  necessar i ly  subject to  a complete nine- 
dimensional t ime-varying t ra jectory reconstruct ion,  which has  necessa r i ly  
been only approximate for  Surveyor V. 

This i s  a smal l  p r ice  for 

-P.:-t-A r - A a A v u -  m..c vu- . . - - - - t - A l . .  A u y u - G u - A y  :- ALL previous documents, however, reflectivity in t e r -  
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5 . 1 0  STRUCTURES P E R F O R M A N C E  

5. 10. 1 INTRODUCTION 

S t r u c t u r e s  p o s t m i s s i o n  a n a l y s i s  is  n o r m a l l y  confined to l a u n c h  and  
touchdown p h a s e s  of  t h e  m i s s i o n  and the  r e s u l t i n g  s t r u c t u r a l  l o a d s ,  l anding  
g e a r  p e r f o r m a n c e ,  a n d  landing  d y n a m i c s .  S t r u c t u r e s  s u p p o r t  i s  a l s o  r e q u i r e d  
i f  v e r n i e r  eng ine  s t a t i c  f i r i n g  o r  a hopping m a n e u v e r  i s  p e r f o r m e d .  
f a i l u r e  of t he  landing g e a r  t o  l o c k  on S u r v e y o r  V involved S t r u c t u r e s  in  a d d i -  
t i o n a l  p o s t m i s s i o n  a n a l y s i s  d u r i n g  l u n a r  o p e r a t i o n s .  

T h e  

D u r i n g  the  l aunch  p h a s e ,  vehic le  s e p a r a t i o n  and e x t e n s i o n  of t h e  l a n d -  
ing  g e a r  w e r e  v e r i f i e d .  D u r i n g  touchdown, s h o c k  a b s o r b e r  s t r a i n  g a g e s  
ind ica t ed  the  landing  g e a r  load t i m e  h i s t o r i e s  and enab led  a p r o m p t ,  but  
a p p r o x i m a t e ,  a s s e s s m e n t  of landing cond i t ions ,  s u c h  a s  i m p a c t  v e l o c i t y  and  
v e h i c l e  i n c i d e n c e  r e l a t i v e  t o  the  lunar  s u r f a c e .  D u r i n g  v e r n i e r  e n g i n e  s t a t i c  
f i r i n g ,  t h e  s t r a i n  gage  ou tpu t s  w e r e  a g a i n  m o n i t o r e d .  
landing ,  l e g  d e f l e c t i o n s  w e r e  mon i to red  t o  e s t a b l i s h  w h e t h e r  o r  not  t h e  o p e r -  
a t i n g  c h a r a c t e r i s t i c s  of t he  s h o c k  a b s o r b e r s  had  been  i m p a i r e d  d u r i n g  t h e  
m i s s i o n .  F a i l u r e  of t he  landing ~ g e a r  locking  s y s t e m  w a s  v e r i f i e d  f rom leg  
d e f l e c t i o n  da ta .  

B e f o r e  and  a f t e r  a 

P o s t m i s s i o n  a n a l y s i s  c o n s i s t s  of ana lyz ing  1)  l e g  def lec t ion  p o t e n -  
t i o m e t e r  d a t a ,  p a r t i c u l a r l y  the def lec t ion  d a t a  a s s o c i a t e d  with the  l e g  l o c k  
f a i l u r e ;  and  2 )  s h o c k  a b s o r b e r  s t r a i n  g a g e  d a t a  d u r i n g  landing  and  static 
f i r i n g .  
d i t i ons .  
b ined  wi th  o t h e r  d a t a ,  c a n  f ac i l i t a t e  eva lua t ion  of l u n a r  surface m e c h a n i c a l  
p r o p e r t i e s .  

A m a t h e m a t i c a l  m o d e l  w a s  u s e d  to  s i m u l a t e  S u r v e y o r  V landing  c o n -  
T h e  a n a l y t i c a l  r e s u l t s  obtained f rom t h e  m a t h e m a t i c a l  m o d e l ,  corn - 

5. 10. 2 ANOMALY DESCRIPTION 

On d a y  266, about  12 h o u r s  b e f o r e  l u n a r  n ight ,  c o m m a n d s  w e r e  s e n t  
t o  lock t h e  landing  g e a r .  A s  t h e  vehic le  e n t e r e d  l u n a r  n ight ,  a de f l ec t ion  of 
4 . 4  d e g r e e s  w a s  o b s e r v e d  o n  l e g  2 and  a de f l ec t ion  of 6. 9 o n  leg  3. 
d e f l e c t i o n s  ind ica t ed  t h a t  t h e  landing g e a r  locking  s y s t e m  had  f a i l ed  t o  w o r k  
( T F R s  18266 a n d  18267) .  

T h e s e  



5 . 1 0 . 3  SUMMARY 

S u r v e y o r  V landing l e g s  deployed  in  a n o r m a l  f a s h i o n  d u r i n g  t h e  
l a u n c h  p h a s e  a n d  o p e r a t e d  n o r m a l l y  d u r i n g  t h e  l and ing  and th rough  m o s t  of 
t he  l u n a r  day.  Def l ec t ions  of l e g s  2 and  3 w e r e  no t i ced  as  the  f irst  l u n a r  
n ight  w a s  e n t e r e d ,  ind ica t ing  t h a t  t h e  landing  g e a r  l o c k  m e c h a n i s m  had  
f a i l e d  t o  work .  T h e  s h o c k  a b s o r b e r s  r e - e x t e n d e d  to  t h e i r  fu l l  l e n g t h s  o n  t h e  
s e c o n d  l u n a r  day, ind ica t ing  t h a t  t h e i r  p a r t i a l  c o l l a p s e  w a s  not d u e  t o  p r e s -  
s u r e  l e a k a g e  but r a t h e r  t o  a d e c r e a s e  in  the  f luid v o l u m e  at t h e  low t e m p e r -  
atur e s expe r i enced .  

A n a l y s i s  i nd ica t ed  t h a t  the v e h i c l e  landed  on  a s lope  of a p p r o x i m a t e l y  
17  d e g r e e s  with a v e r t i c a l  i m p a c t  v e l o c i t y  of a p p r o x i m a t e l y  12 f p s  and  a 
l a t e r a l  v e l o c i t y  not  g r e a t e r  t h a n  1 fps .  In t h e  a n a l y s i s ,  t h e s e  cond i t ions  
r e s u l t e d  in  p e n e t r a t i o n s  in to  the  l u n a r  s o i l  of 2. 5 i n c h e s  f o r  footpad  1 and  
4. 9 i n c h e s  f o r  footpads  2 a n d  3. 
h a v e  i m p l i e d  a s u r f a c e  s t a t i c  b e a r i n g  s t r e n g t h  of 4 ps i .  
5 -  t o  7 - p s i  bea r ing  s t r e n g t h  t h a t  w a s  i m p l i e d  f r o m  t h e  i n v e s t i g a t i o n s o f  
S u r v e y o r s  I and  111. 

T h e s e  so f t  s u r f a c e  touchdown s i m u l a t i o n s  
T h i s  is  less t h a n  t h e  

T h e  s t r u c t u r a l  l o a d s  e x p e r i e n c e d  by S u r v e y o r  V d u r i n g  landing  w e r e  
low r e l a t i v e  t o  des ign  l eve l s .  

5 . 1 0 . 4  P E R F O R M A N C E  ANALYSIS 

5. 10. 4. 1 Launch P h a s e  

Leg Ex tens ion  and  Veh ic l e  S e p a r a t i o n  

Land ing  gear  e x t e n s i o n  and  v e h i c l e  s e p a r a t i o n  w e r e  fir s t  c o n f i r m e d  
a t  08:16:41 GMT of d a y  252. 

L e g  Def l ec t ions  

T h e  landing gear  pos i t i on  p o t e n t i o m e t e r s  w e r e  f irst  m o n i t o r e d  at 
08:51:32 GMT of d a y  252 and  w e r e  as  fo l lows:  

L e g  1: V - 5  = 0. 1 d e g r e e  

L e g  2: V - 6  = 0. 1 d e g r e e  

L e g  3 :  V - 7  = 0. 3 d e g r e e  

With t h e  l and ing  g e a r  ex tended ,  t h e  n o m i n a l  v a l u e  f o r  t h e s e  s i g n a l s  
is  0. 0 d e g r e e  with a n  a l lowab le  v a r i a t i o n  of *5 p e r c e n t ,  o r  *l. 2 d e g r e e s .  
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5. 10. 4. 2 Touchdown 

The  ac tua l  landing p r o c e s s  of the s p a c e c r a f t  can be r e c o n s t r u c t e d  
qui te  a c c u r a t e l y  f r o m  a v a r i e t y  of t e l e m e t r y  s igna l s  in connect ion wi th  
ava i l ab le  dynamic  landing s imulat ions.  
fo l lows  : 

P e r t i n e n t  t e l e m e t r y  d a t a  a r e  as  

1 )  Commuta ted  ind ica t ions  of s p a c e c r a f t  a l t i tude  

2 )  Cont inuous analog s igna ls  mon i to r ing  t h r e e  s t r a i n  gage b r i d g e s ,  
one being mounted on each  leg  shock  a b s o r b e r ,  indicat ing i t s  
a x i a l  loading 

3 )  Pos t landing  t e l ev i s ion  cove rage  of footpads ,  c r u s h a b l e  b locks ,  
and a r e a s  on the l u n a r  s u r f a c e  in  which t h e s e  s p a c e c r a f t  e l e m e n t s  
contacted the s u r f a c e  and c a m e  t o  r e s t  

4) Post landing  a t t i tude  d e t e r m i n a t i o n s  based  on the  high gain 
d i r ec t iona l  an tenna  posi t ion,  ho r i zon  s ight ings  , e tc .  

T h e s e  t e l e m e t r y  d a t a  and the d y n a m i c  landing s imula t ions  h a v e  l ed  
t o  the conclus ion  tha t  the  v e r t i c a l  veloci ty  of S u r v e y o r  V at impac t  w a s  12 to 
13  fps ,  the  ho r i zon ta l  ve loc i ty  w a s  not g r e a t e r  than 1 fps ,  and the  s p a c e c r a f t  
w a s  e s s e n t i a l l y  hor izonta l .  

F i g u r e  5. 10-1  shows the  t i m e  h i s t o r i e s  of the  axial f o r c e s  in the  l and-  
ing  g e a r  shock  a b s o r b e r s  f r o m  p r i o r  t o  in i t ia l  s u r f a c e  contac t  un t i l  a f t e r  the  
s p a c e c r a f t  c a m e  to r e s t .  After  leg 1 contac t ,  a negat ive pitch mot ion  with a 
ve loc i ty  in e x c e s s  of 13 d e g / s e c  was  encoun te red  ( the  r a n g e  of the  p i tch  gy ro  
w a s  exceeded) ,  accompanied  by l i t t le a n g u l a r  mot ion  in  yaw and ro l l ,  un t i l  
l e g s  2 and 3 contacted the  ground a lmos t  s imul t aneous ly  - l eg  2 a t  186 mill i-  
s e c o n d s  and l e g  3 a t  194 mi l l i s econds  a f t e r  l eg  1 impac t .  A s l ide -ou t  pe r iod  
of a p p r o x i m a t e l y  1. 7 s econds  followed, du r ing  which the  s p a c e c r a f t  ro l l ed  
a p p r o x i m a t e l y  t 6  d e g r e e s .  

Ini t ia l ly ,  e a c h  shock a b s o r b e r  expe r i enced  a f o r c e  for a p p r o x i m a t e l y  
0. 25  second and then z e r o  f o r c e  for  a p p r o x i m a t e l y  0. 8 second.  T h i s  w a s  
followed by a r a t h e r  poor ly  defined low ampl i tude  o s c i l l a t o r y  f o r c e  which 
r a p i d l y  damped  out t o  a low cons tan t  va lue  cons i s t en t  with f o r c e s  r e s u l t i n g  
f r o m  the  s t a t i c  l una r  weight of the  s p a c e c r a f t .  
i s t i c s  a re  cons i s t en t  with those  expected f r o m  an in i t i a l  vehic le  i m p a c t ,  
d u r i n g  which m a x i m u m  p r e s s u r e s  a r e  e x e r t e d  on the  luna r  s u r f a c e .  
followed b y  a re l ie f  of the  load as  the s p a c e c r a f t  r ebounds  unde r  the  ac t ion  
of landing g e a r  sp r ing  f o r c e s ,  then b y  a f ina l  low e n e r g y  i m p a c t  and o s c i l -  
l a t o r y  f o r c e s  r e l a t e d  to  the  e l a s t i c i ty  of the  s p a c e c r a f t  and the  luna r  su r face .  
T h e  f r e q u e n c y  of the  o b s e r v e d  osc i l l a t ion  is  a p p r o x i m a t e l y  4 Hz ,  which is 
c o n s i d e r a b l y  lower  than co r re spond ing  osc i l l a t ion  f r e q u e n c i e s  o b s e r v e d  
d u r i n g  S u r v e y o r  I and  I11 touchdowns ( approx ima te ly  6. 5 Hz) .  
a s s u m e d  tha t  f o r  S u r v e y o r  V a d i f fe ren t  n a t u r a l  mode  of the  s p a c e c r a f t  w a s  
exc i t ed  ( rock ing  m o d e )  due t o  the  h i l l s ide  landing as c o m p a r e d  t o  the  bounce 
m o d e  of S u r v e y o r s  I and 111. Table  5. 1 0 - 1  g ives  the  m a x i m u m  f o r c e  l eve l s  
e x p e r i e n c e d  by e a c h  shock  a b s o r b e r  and also the  i m p a c t  t i m e s  of e a c h  footpad. 

T h e s e  f o r c e  - t r a c e  c h a r a c t e r  - 
T h i s  is  

Hence ,  it is 
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F - - t - = A  T - - r , , - t  
l. UuLyUu L L A l y u \ - *  Time 

Maximum Shock A b s o r b e r  Af te r  254:00:46:00 GMT,  
L e g  A s s e m b l y  F o r c e ,  pounds seconds  

1 1265 * 80 44. 284 f 0. 002 

2 1635 * 80 4 4 . 4 7 4  f 0.002 

3 1640 f 80 44. 481 f 0. 002 

Te lev i s ion  da ta  have  shown tha t  du r ing  the  s l ide-out  pe r iod  of t he  
landing footpad 2 t r a v e l e d  a cons ide rab le  d i s t a n c e  ( e s t i m a t e d  t o  be 32 *2 
i n c h e s )  a long the  luna r  s u r f a c e ,  leaving a c l e a r l y  v is ib le  t r ench .  Although 
i t  is not as  conspicuous  as  f o r  p a d  2, t h e r e  is  ev idence  tha t  footpad 3 a l s o  
moved by a p p r o x i m a t e l y  the  s a m e  d is tance .  
a v e r y  c l e a r  indicat ion 01 the  f i r s t  footpad i m p a c t  is given. 
t r a t i o n  of a p p r o x i m a t e l y  5 i n c h e s  is  e s t i m a t e d  to  have o c c u r r e d  h e r e ,  a c c o m -  
panied  by v e r y  little s l iding motion. 
by landing g e a r  s p r i n g  f o r c e s ,  the  footpad l if ted out of i t s  i m p r e s s i o n ,  r e s u l t -  
ing in  a cont inuat ion of the  t r e n c h  with cons ide rab ly  less s u r f a c e  pene t r a t ion  
( a p p r o x i m a t e l y  2 i n c h e s )  than  t h e  o r ig ina l  i m p r i n t  showed. 

In the  t r e n c h  m a d e  by  footpad 2, 
A footpad p e n e -  

Dur ing  the  s p a c e c r a f t  rebound caused  

C o m p u t e r  s imula t ions  of the landing have achieved  the  bes t  c o r r e -  
l a t i o n s  with f l ight  d a t a  when the  angle between s p a c e c r a f t  and s lope a t  t he  
t i m e  of i m p a c t  h a s  been t aken  as  17 d e g r e e s .  
i nc idence  ( f r o m  high ga in  i n e r t i a  and s o l a r  pane l  pos i t ion  d a t a )  is  20 d e g r e e s .  
T h e  d i f f e rence  be tween 17  and 2 0  d e g r e e s  could be due t o  s e v e r a l  f a c t o r s :  
1 )  if  the  s lope  i t se l f  i s  20 d e g r e e s ,  then  the  s p a c e c r a f t  had an  in i t i a l  i n c i -  
d e n c e  of 3 d e g r e e s ;  2 )  t he  s lope  i s  2 0  d e g r e e s ,  and footpad 1 landed ju s t  
ou t s ide  the  c r a t e r  but s l id  into i t  dur ing  the  s l ide-out  p e r i o d ;  3 )  the  s lope is  
17 d e g r e e s ,  but d i f f e ren t i a l  footpad pene t r a t ions  give the  s p a c e c r a f t  an inc i  - 
d e n c e  g r e a t e r  than the s lope .  
v a r i o u s  p r o p o r t i o n s  fo r  the t r u e  si tuation. 

T h e  m e a s u r e d  s p a c e c r a f t  

Obviously,  t h e s e  e f f ec t s  could all e x i s t  in  

In s u m m a r y ,  the  Surveyor  V landing c a n  be  r e g a r d e d  as a n o m i n a l  
one  e x c e p t  f o r  encoun te r ing  a s l ight ly  h ighe r  - than -expec ted  l u n a r  s u r f a c e  
s lope  ( n o m i n a l  m a x i m u m  of 1 5  d e g r e e s )  in  a posi t ion m o s t  unfavorable  f o r  a 
s t a b l e  landing,  i. e . ,  one leg  pointing in the  uphi l l  d i r ec t ion .  Because  of 
suf f ic ien t  m a r g i n s  in the  landing s tab i l i ty  capabi l i ty ,  no s t ab i l i t y  p r o b l e m  
w a s  an t ic ipa ted  o r  encountered  for  t he  s p a c e c r a f t ' s  landing condi t ions.  

Dynamic  S imula t ion  

C o m p u t e r  s imula t ion  s tudies  of landings  have  been  p e r f o r m e d  t o  
e s t i m a t e  the  landing condi t ions and  m e c h a n i c a l  p r o p e r t i e s  of a s u r f a c e  
m a t e r i a l  tha t  wi l l  yield s u r f a c e  pene t r a t ions  and shock  a b s o r b e r  a x i a l  l oads  
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s i m i l a r  to  those  obtained du r ing  the  S u r v e y o r  V landings.  
ana ly t i ca l  f o r c e - t i m e  h i s t o r i e s  f o r  a landing on a 4 - p s i  s t a t i c  b e a r i n g  s t r e n g t h  
s u r f a c e  a r e  compared  with r educed  Surveyor  V d a t a  in  F i g u r e  5. 10-2.  
i m p a c t  ve loc i t ies  u sed  a r e  12 f p s  v e r t i c a l  and 1 f p s  h o r i z o n t a l  with the  s p a c e -  
c r a f t  hor izonta l  a t  the m o m e n t  of i m p a c t  on a 1 7 - d e g r e e  s lope  and  with leg  1 
pointing d i r ec t ly  uphill .  Footpad  1, 2, and 3 p e n e t r a t i o n s  c o r r e s p o n d i n g  t o  
t h e  ana ly t i ca l  r e s u l t s  of F i g u r e  5. 1 0 - 2  a r e  2. 5, 4. 9, and 4. 9 i nches ,  r e s p e c -  
t ively.  F r o m  te lev is ion  da ta ,  the  e s t i m a t e  of the  in i t i a l  pene t r a t ion  of footpad 
2 i s  5 inches .  
t e l ev i s ion  c a m e r a .  
pene t r a t ed  3 inches;  b lock  1 did not touch the su r face .  

R e p r e s e n t a t i v e  

T h e  

Ini t ia l  impac t  a r e a s  of  foo tpads  1 and 3 a r e  not v i s ib l e  t o  the  
In the ana ly t i ca l  s imula t ion ,  body b locks  2 and 3 e a c h  

The  so i l  m o d e l  u sed  in  the a n a l y s i s  i s  shown in F i g u r e  5. 10-3.  T h e  

F o r c e s  r e s i s t i n g  pene t r a t ion  a r e  the  s t a t i c  
s u r f a c e  m a t e r i a l ,  in i t ia l ly  of dens i ty  Plyis c o m p r e s s e d  to d e n s i t y  p2 under  the  
pene t r a t ing  ac t ion  of a footpad. 
b e a r i n g  p r e s s u r e  ( a s s u m e d  cons t an t  with dep th ) ,  a f r i c t i o n  f o r c e  which 
i n c r e a s e s  l i nea r ly  with pene t r a t ion  and is equa l  t o  the  s t a t i c  b e a r i n g  p r e s -  
s u r e  a t  a penet ra t ion  of 1 foot,  and the  so i l  i n e r t i a  f o r c e s .  F o r  p u r p o s e s  of 
a n a l y s i s ,  the  r e l a t ionsh ips  between P i ,  p2, and s t a t i c  b e a r i n g  p r e s s u r e  a r e  
shown in F i g u r e  5. 10-4.  F o r  the  4 - p s i  s u r f a c e  used  in the  a n a l y t i c a l  r e s u l t s  
of F i g u r e  5. 10-4, 01  and p2 w e r e ,  r e s p e c t i v e l y ,  2. 16 and 2 . 9 1  s lug / f t  3 . 

The  ana ly t ica l  r e s u l t s  obtained t o  d a t e  f o r  S u r v e y o r  V show s igni f icant  
d i f f e r e n c e s  f r o m  those  achieved  f o r  S u r v e y o r s  I and 111. F o r  the  e a r l i e r  
veh ic l e s ,  good c o r r e l a t i o n  between a n a l y s i s  and f l igh t  d a t a  w a s  achieved  
a s s u m i n g  su r face  s t a t i c  b e a r i n g  p r e s s u r e  of 5 p s i  and,  fo r  shock  a b s o r b e r  
t r a c e s  a lone ,  the c o r r e l a t i o n  w a s  good even  f o r  a r igid s u r f a c e  (i. e . ,  a 
s u r f a c e  having a s t a t i c  bea r ing  s t r eng th  of 1 0  p s i  o r  g r e a t e r ) .  
the  Surveyor  V ana lys i s ,  i t  h a s  been  n e c e s s a r y  t o  c o n s i d e r  s u r f a c e s o f  s t a t i c  
b e a r i n g  p r e s s u r e  less than 5 p s i  t o  obta in  r e a s o n a b l e  a g r e e m e n t  with f l ight  
da ta .  

However ,  in 

S t r u c t u r a l  R e s p o n s e  Loads  

F r o m  the above a n a l y s i s ,  the longi tudinal  ve loc i ty  of Surveyor  V w a s  
a p p r o x i m a t e l y  12 fps .  
a p p r o x i m a t e l y  11. 5 fps .  
S u r v e y o r  I landing w e r e  less than  2 0  p e r c e n t  of the  des ign  load l eve l s .  
is  cons ide red  that S u r v e y o r  V s t r u c t u r a l  l oads  would not be cons ide rab ly  
g r e a t e r  than  those of S u r v e y o r  I and tha t  a de ta i led  a n a l y s i s  w a s  t h e r e f o r e  
unwar ran ted .  

Th i s  c o m p a r e s  with a S u r v e y o r  I i m p a c t  ve loc i ty  of 
S t r u c t u r a l  l oads  ca l cu la t ed  to  o c c u r  du r ing  the  

It  

Leg  Def lec t ions  

S h o r t l y  a f t e r  touchdown (00:50:58 GMT of d a y  254) ,  t he  landing g e a r  
l eg  de f l ec t ions  w e r e  mon i to red  and found t o  be as fo l lows:  

L e g  1: 

Leg 2: 

Leg  3 :  

V-5 = 0 .6  d e g r e e  

V - 6  = 0. 7 d e g r e e  

V-7 = 0 . 6  d e g r e e  
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p2 & 2  F = P A ( 1  t CS) t 
02 - p 1  0 

where 

P = surface s ta t ic  bearing p r e s s u r e  
0 

S = depth of penetration 

C = frictional constant 

F igure  5. 10-3.  Soft Sur face  Model f o r  Landing 
Dynamics Analysis  
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Since these  angles w e r e  not e x c e s s i v e ,  i t  was cons idered  u n n e c e s s a r y  
to lock the landing g e a r  at that  t i m e .  
made to faci l i ta te  g e a r  actuation during any executed l u n a r  hopping maneuver  
o r  dur ing  inadvertent  hopping which could o c c u r  dur ing  a s ta t ic  f i r ing  
exper iment .  

T h e  dec is ion  not to lock the g e a r  is  

5.  10. 4. 3 Lunar  Opera t ions  P h a s e  

I Stat ic  F i r e  

The  command to p e r f o r m  the s ta t ic  f i r ing  e x p e r i m e n t  w a s  t r a n s m i t t e d  
at 256:07: 38:08 GMT. 
and indicated that the f i r i n g  actual ly  took p lace  at 256: 07: 38: 11.58 GMT. 
The  s ignal- to-noise  ra t io  f o r  t h e s e  channels  w a s  too low to p e r m i t  any 
meaningful in te rpre ta t ion  of shock a b s o r b e r  f o r c e - t i m e  h i s t o r i e s  

Shock a b s o r b e r  s t r a i n  gage s igna ls  w e r e  monitored 

Landing G e a r  Lock F a i l u r e  

The shock a b s o r b e r s  remained  unlocked dur ing  m o s t  of the lunar  d a y ,  
and the leg deflection s i g n a l s ,  which w e r e  monitored at i n t e r v a l s ,  remained  
essent ia l ly  constant .  
Table  5. 10. 2. (Fluctuat ions of up to about half a d e g r e e  w e r e  noted, but 
t h e s e  a r e  attr ibuted to t e l e m e t r y  and t h e r m a l  c h a r a c t e r i s t i c s  and not to 
mechanica l  actuation of the legs .  ) 
lock the g e a r  to  prec lude  the possibi l i ty  of l e g  def lect ions resu l t ing  f r o m  
shock a b s o r b e r  p r e s s u r e  leakage  caused by the  e x t r e m e l y  low t e m p e r a t u r e s  
of l u n a r  night. 
shock a b s o r b e r  on l e g s  1, 2 ,  and 3 w e r e  approximate ly  110",  -5O", and 
110" F ,  respect ively.  T h e  shock a b s o r b e r  locking device h a s  been  tes ted  
at t e m p e r a t u r e s  between 0" and 120" F, and the sq-lib device  i s  o p e r a b l e  
between i 2 5 0 " F .  A r e a l - t i m e  dec is ion  by the S t r u c t u r e s  s p e c i a l i s t  placed 
the lower t e m p e r a t u r e  l i m i t  f o r  operat ion of the locking device at -100" F. 
A single- lock g e a r  command,  0636, was t r a n s m i t t e d  at 266:04:01 GMT when 
shock a b s o r b e r  1, 2,and 3 t e m p e r a t u r e s  w e r e  103",  -55" ,  and 107" F ,  
respectively.  F o u r  m o r e  0636 commands  w e r e  sen t  at 266:06: 19 GMT when 
shock a b s o r b e r  t e m p e r a t u r e s  w e r e  l o o " ,  -58",  and 100" F. At the time of 
f i r ing ,  it is not possible  to posi t ively es tab l i sh  i f  the landing g e a r  has  been 
successful ly  locked. 
evidence t o  the c o n t r a r y  arises. 

I 
Events  and d a t a  assoc ia ted  with Surveyor  V a re  shown in 

L a t e  i n  the l u n a r  day  it was  decided to 

A t  the  t i m e  of the dec is ion  to  lock,  the t e m p e r a t u r e s  of the 

Successfu l  locking m u s t  t h e r e f o r e  be a s s u m e d  until 

A t  approximately 267:07:40 GMT,  a n  anomaly  i n  te levis ion d a t a  
resul ted i n  examination of the l e g  poten t iometer  readings which indicated 
that  deflections of l e g s  2 and 3 had o c c u r r e d .  The  def lect ions provided a 
posit ive indication that  shock a b s o r b e r s  2 and 3 failed to  lock. 
of leg 1 was  observed then o r  subsequently.  
and deflections of e a c h  leg  a s s e m b l y  a r e  shown i n  F i g u r e  5. 10-5. 
t h e s e  d a t a ,  it can  b e  establ ished that  shock a b s o r b e r  2 began deflecting at a 
t e m p e r a t u r e  between -103" and -115" F,  and shock  a b s o r b e r  3 began def lec t -  
ing between -112" and -115" F. 
s teady  def lect ion r a t e  of approximately 0. 1 d e g / m i n  was observed .  (Between 
267:05: 17, 28 and 267:05:20:42 GMT,  l e g  3 def lected f r o m  1. 7 to  2. 0 d e g r e e s .  ) 

No deflect ion 
T i m e  h i s t o r i e s  of t e m p e r a t u r e s  

F r o m  

E a r l y  dur ing  the  def lect ion of leg 3 ,  a 



TABLE 5 . 1 0 - 2 .  EVENTS AND DATA ASSOCIATED WITH SURVEYOR V 
SHOCK ABSORBER LOCKING FAILURE 

Event 

Touchdown 

0636 lock ( 1  sent)  
Gear  command ( 4  sent)  

Las t  constant V-  6 
V - 6  change 

Las t  constant V -  7 

V - 7  change 
V-7  change 
Rate observed 
V-7  maximum change 

T V  anomaly 
indicates deflection 
possibility 

Second lunar day 

Lunar eclipse 

Post ecl ipse 

Second lunar night 

GMT, 
day: hr: min 

2 5 4 0 1  
265: 03: 10 

2 66: 0 4  0 1 
266:06: 19 

2 6 6  22: 01 
2 67: 00: 02 

267: 04: 19 
2 67: 04: 2 1 
2 67: 04: 45 
2 67: 04: 49 
267: 05: 17  
2 67: 05: 20 
267:07: 13  

2 67: 07: 40 

2 67: 08: 47 
270 

288:08: 10 

29 1: 11: 55 

291: 13: 15 

297:03:00 

~~ 

Leg Deflection, 
degrees  - 

v - 5  

0 .  6 
0. 8 

0. 8 
0. 8 

0. 8 

0. 8 
0. 8 
0. 8 
0. 7 

0. 7 
0. 87 

1. 3 

1. 5 

1. 0 

1. 2 

V-  6 

0. 7 
0. 6 

0. 8 
4. 0 

4. 0 

4. 1 
4. 1 
4. 2 
4. 2 

4. 3 
4. 4 

0. 3 

0. 6 

0. 6 

0. 6 

v - 7  

0. 6 
0. 6 

0. 5 
0. 3 

0. 3 

1. 1 
1. 7 
2. 0 
6. 5 

6. 6 
6. 9 

0. 8 

0. 5 

0. 8 

8. 2 

Shock Absorber ,  

V - 3 0  

127 

103 
100 

65 
64 

5 8  

- 

177 

- 65 

100 

- 124 

"F  

V -  32 
- 

- 20 

- 55  
- 58 

- 103 
- 115 

- 141 

-160 

-2 65 

198 

- 67 

45 

- 193 

v - 3 3  

145 

107 
100 

- 70 
- 8 6  

- 112 
- 115 

- 130 

- 

154 

- 55 

102 

- 175 

No fur ther  leg deflection data were received during the next 2 hours ,  and so 
the t ime of achieving the maximum deflection of approximately 7 degrees  was 
not established. However, i f  the established r a t e  continued, the total 
deflection would have been achieved i n  approximately 1 hour. When the leg 
deflections were  first observed a t  approximately 267:07:13 GMT on V - 5 ,  - 6  
and -7 te lemet ry  channels, the deflections were  0. 7 ,  4. 2 ,  and 6. 5 degrees  
with corresponding tempera tures  of approximately 5 8 " ,  -160" , and -130°F.  
The deflections thereaf ter  remained essentially constant, and, on day 270,  
with each shock tempera ture  at  about - 2 6 5 " F ,  the deflections were  0. 87, 
4. 4 ,  and 6. 9 degrees .  
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C r u s h a b l e  Block C l e a r a n c e  

After  warming up  o n  the second l u n a r  day ,  Surveyor  V was  revived nn 
Subsequent evaiuations indicated that the downhill landing legs  w e r e  clay 288.  

no longer  collapsed. L e g  2 had returned to  a deflection of 0 .  3 d e g r e e ,  and 
l e g  3 to 0. 8 degree .  This  m e a n s  that the shock a b s o r b e r s  on  t h e s e  legs  had 
re-extended to the lengths existing before  the low l u n a r  night t e r n p e r a t i l r e s  
c a u s e d  t n e i r  p a r t i a l  col lapse.  
p a r t i a l  co l lapse  was due to shock  a b s o r b e r  fluid contract ing a t  the low t e m p e r -  
a t u r e s  r a t h e r  than a leakage of high p r e s s u r e  helium g a s  with resul t ing 
pre load  loss. 

This r e t u r n  to full  extension indicates  that  the 

On day  190, a n  ec l ipse  of the moon caused the t e m p e r a t u r e s  of t h e  
shock  a b s o r b e r s  to  d r o p  to between -55" and - 6 7 ° F .  The  shock a b s o r b e r s  
did not def lect ,  and only minor  random changes i n  the  leg  deflection angles  
w e r e  recorded  ( s e e  Table  5. 10-2). 

During the second lunar  day, a sequence of 8 6  lock  landing g e a r  
c o m m a n d s  was sent.  
l eg  3 deflected 8 d e g r e e s ,  while leg 1 remained  undeflected as it had on the 
f i rs t  l u n a r  night. 
night, did not def lect .  
f o r  l e g  3 as it en tered  t h e  second lunar  night. 

A s  the t e m p e r a t u r e  dropped on  the second l u n a r  night, 

L e g  2 ,  which had deflected 4. 4 d e g r e e s  dur ing  the first 
F i g u r e  5. 10-6 shows the deflection and t e m p e r a t u r e s  

It is poss ib le  that  the deflection r a t e s  of legs  2 and 3 ceased  when 
c r u s h a b l e  blocks 2 and 3 c a m e  into contact  with the sur face .  However ,  
ana lys i s  and observa t ions  indicate  th i s  is  not n e c e s s a r i l y  so. 
cons idered  a two-dimensional si tuation (leg 1 d i r e c t l y  uphill) and a p l a n a r  
sur face .  
inches  and the uphill leg 1. 5 inches.  
of l e g  1 and a 4. 5 - d e g r e e  deflection of l e g s  2 and 3, the blocks would have a 
4-inch s u r f a c e  c learance .  F o r  a 1-degree  def lect ion of l e g  1 and a 7-degree  
def lect ion of l e g s  2 and 3, the blocks would have a 3-inch s u r f a c e  c learance .  
T h e r e f o r e  , for the  three-dimensional  c a s e  t h a t  actual ly  exists with l e g  2 
deflected approximately 4. 5 d e g r e e s  and l e g  3 approximate ly  7 d e g r e e s ,  
p l a n a r  s u r f a c e  c l e a r a n c e  of between 3 and 4 inches should e x i s t  for  blocks 
2 and 3. This  amount of c l e a r a n c e  could well b e  taken up by s u r f a c e  i r r e g u -  
larities. However ,  ana lys i s  by J P L  of te lev is ion  p i c t u r e s  obtained b e f o r e  
the l e g s  began to def lect  indicated that the nozzle  on v e r n i e r  engine 3 was 16 
inches  above the  sur face .  This  is  an inch higher  re la t ive  to  the s u r f a c e  than 
the  nozz le  would b e  i f  the c r a f t  were  o n  a p lanar  s u r f a c e  with no penet ra t ion  
of the footpads into the sur face .  Since the  te lev is ion  p i c t u r e s  show no gross 
discont inui t ies  i n  the s u r f a c e  beneath block 3 and v e r n i e r  engine 3,  th i s  
ana lys i s  impl ies  a block s u r f a c e  c l e a r a n c e  of about 1 2  inches  p r i o r  to  the l e g  
def lect ions and a p r e s e n t  c l e a r a n c e  of 8 to 9 inches.  

The  ana lys i s  

The downhill l egs  ( 2  and 3) w e r e  a s s u m e d  to  have penetrated 5. 5 
For the c a s e  of a 1-degree  deflection 

Shock A b s o r b e r  Loads 

T h e  loads  experienced by each shock a b s o r b e r  on the  downhill l eg  
a s s e m b l i e s  f o r  a vehicle  si t t ing o n  a 20-degree  s lope  a r e  shown i n  
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F igu re  5. 10-7 fo r  deflections of the downhill l e g s  of f r o m  0 to 18 degrees .  
The uphill leg is assumed to be in  the undeflectei: position. 
s lope and with all legs  undefleeted, the uphill shock abso rbe r  would experience 
a n  85-pound load. F o r  the s a m e  situation, but with the downhill l egs  deflected 
7 d e g r e e s ,  the uphill shock abso rbe r  would be loaded to 80 pounds. 
the  shock abso rbe r  l o a d s  a r e  calcdated to be as shown in Tabie 5. i o - 3 .  

On a 26-degree 

Hence, 

Shock Absorber  Load, 
pounds 

Deflection Deflection 

85 80 

129 134 

129 136 

Before After 

TABLE 5.10-3.  SHOCK ABSORBER LOAD O F  SURVEYOR V 
O N  LUNAR SURFACE 
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5. 11 MECHANISMS SUSSYSTEhl  

5. 11. 1 INTRODUCTION 

T h i s  sec t ion  d e a l s  with the  mechan ica l  p e r f o r m a n c e  of the  s p a c e c r a f t  
landing l egs ,  omnid i r ec t iona l  an tennas ,  and a n t e n n a l  s o l a r  pane l  pos i t i one r  
( A / S P P ) .  F o r  p u r p o s e s  of t h i s  r e p o r t ,  t h e s e  m e c h a n i s m s  a r e  co l lec t ive ly  
def ined as  the  m e c h a n i s m s  subsys tem.  

Landing g e a r  deployment  - When e a c h  landing g e a r  is ful ly  
deployed,  i t  opens  an  e l e c t r i c a l  switch on the te lescoping  s t r u t .  
The  ac tua t ion  of t h e s e  swi tches  ind ica t e s  tha t  the  landing g e a r  
is deployed, a n d  is  r equ i r ed  f o r  ini t ia t ion of au tomat i c  sun 
acquis i t ion  at s epa ra t ion  f r o m  Centaur .  The  t e l e m e t r y  d e s i g  - 
nat ions  f o r  t h e s e  functions a r e  V-1,  V - 2 ,  and V - 3  f o r  each  
landing leg ,  respec t ive ly .  

Omnid i r ec t iona l  antenna deploym ent - When e a c h  omnid i r ec t iona l  
an tenna  is fully deployed, i t  opens  an e l e c t r i c a l  switch t o  p roduce  
a change of s t a t e  for  t e l e m e t r y  p u r p o s e s  only. 
des igna t ion  f o r  omnid i r ec t iona l  an tenna  A is M-1,  fo r  o m n i -  
d i r ec t iona l  an tenna  B, M -2. 

The  t e l e m e t r y  

A / S P P  a u t o m a t i c  s o l a r  pane l  deployment  - T h e  A / S P P  funct ion 
a f t e r  s epa ra t ion  i s  t o  deploy the  s o l a r  panel  s u r f a c e  p e r p e n d i c u -  
l a r  to the r o l l  axis t o  achieve m a x i m u m  r e c e i p t  of s o l a r  e n e r g y  
du r ing  t r a n s i t .  

T h e  A / S P P  h a s  fou r  rotat ion a x e s  which a r e  moved in s t e p s  upon 
c o m m a n d  f r o m  e a r t h .  The a x e s  a r e  p o l a r ,  s o l a r ,  e leva t ion ,  and rol l .  T h e  
p o l a r  a x i s  r o t a t e s  1 / 1 6  d e g r e e  p e r  c o m m a n d ;  the  o the r  a x e s  r o t a t e  1 / 8  
d e g r e e  p e r  command.  
of ro t a t ion  f o r  each  axis. 
pos i t i ons  a r e  as follows: 

F i g u r e  5. 11-1 i l l u s t r a t e s  the  A / S P P  with the. po la r i ty  
The  t e l e m e t r y  des igna t ion  fo r  t he  A / S P P  a x i s  

S o l a r  pane l  M -3  

P o l a r  a x i s  M -4 

Eleva t ion  a x i s  M -6 

R o l l  Axis  M -7 

5 .11 -1  
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Figure 5. 11 -1. Antenna and Solar Panel  Posi t ioner  
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5. 11'. 2 ANOMALY DESCRIPTION 

No a n o m a l i e s  w e r e  de t ec t ed  in the  m e c h a n i s m s  s u b s e c t i o n s  d u r i n g  
s e p a r a t i o n .  
cond i t ions  . T e l e m e t r y  d a t a  du r ing  t r a n s i t  i nd ica t ed  no a n o m a l o u s  

5 . 1 1 . 3  SUMMARY AND RECOMMENDATIONS 

Al l  m e c h a n i s m  func t ions  p e r f o r m e d  p r o p e r l y  and  a t  t h e  c o r r e c t  
t i m e s .  

5 . 1 1 . 4  SUBSYSTEM P E R F O R M A N C E  ANALYSIS 

Table 5. 1 1 - 1  s h o w s  the  o c c u r r e n c e  of m a j o r  e v e n t s  f o r  t h e  m e c h a -  
n i s m s  s u b s y s t e m .  
p a r a m e t e r s  r e d u c e d  f r o m  t e l e m e t r y  da ta .  
ob ta ined  f r o m  f l ight  a c c e p t a n c e ,  type a p p r o v a l ,  and s o l a r  t h e r m a l  v a c u u m  
t e s t i n g ,  and f r o m  s p e c i f i e d  d e s i g n  p e r f o r m a n c e  va lues .  

T a b l e  5. 11 -2  p r e s e n t s  a s u m m a r y  of t h e  s u b s y s t e m  
T h e  e x p e c t e d  v a l u e s  w e r e  

5. 11. 4. 1 Land ing  G e a r  Deployment  

T a b l e  5. 11 -2  s h o w s  the  n o m i n a l  expec ted  d e p l o y m e n t  t ime for t h e  
l and ing  g e a r  t o  be abou t  2. 3 seconds .  
t o  be 2. 265 *l. 2 s e c o n d s ,  which  ind ica t e s  n o m i n a l  d e p l o y m e n t  t i m e .  T h e  l eg  
de f l ec t ion  s i g n a l s  ( V 5  -7)  a l s o  ind ica ted  n o r m a l  and  c o m p l e t e  e x t e n s i o n  of t h e  
landing  g e a r .  

F l i g h t  da.ta show t h e  d e p l o y m e n t  t i m e  

5. 11. 4. 2 O m n i d i r e c t i o n a l  Antenna Dep loymen t  
- 

T h e  n o m i n a l  expec ted  o m n i d i r e c t i o n a l  a n t e n n a  d e p l o y m e n t  t i m e  i s  

D a t a  show t h a t  bo th  o m n i d i r e c t i o n a l  
2 . 4  s e c o n d s .  
i s  s l igh t ly  be low the  e x p e c t e d  va lue .  
a n t e n n a s  w e r e  deployed  a t  t he  s a m e  time. 

T h e  m i s s i o n  dep loymen t  t i m e  w a s  1 . 0 6 5  *l. 2 s e c o n d s ,  which 

5. 11. 4. 3 A / S P P  P e r f o r m a n c e  

A u t o m a t i c  S o l a r  P a n e l  Dep loymen t  

A u t o m a t i c  s o l a r  p a n e l  dep loymen t  b e g i n s  upon c l o s u r e  of t h e  22-vol t  
s w i t c h  in t h e  s e p a r a t i o n  s e n s i n g  and  a r m i n g  d e v i c e  at v e h i c l e  s e p a r a t i o n .  
T h e  s o l a r  p a n e l  l aunch  lock  is  unlocked and t h e  solar p a n e l  is s t epped  f rom 
355 t o  270 d e g r e e s  w h e r e  i t  i s  re locked .  
s t epped  f r o m  -60 t o  0 d e g r e e s  and r e locked .  
a f t e r  touchdown.  

At  t h i s  po in t ,  t h e  rol l  axis is 
Both p o s i t i o n s  a r e  locked  un t i l  

T h e  S u r v e y o r  V m i s s i o n  solar p a n e l  d e p l o y m e n t  t i m e  w a s  521  s e c o n d s .  
C o m p a r i n g  t h i s  m i s s i o n  d e p l o y m e n t  t i m e  t o  t h a t  i n  s o l a r  t h e r m a l  v a c u u m  
p h a s e  B ( 5 2 2  s e c o n d s ) ,  t h e  a g r e e m e n t  is exce l l en t .  

5.11-3 



TABLE 5. 11-1. MECHANICAL E V E N T S  A T  SEPARATION 

Even t  

Launch  

Extend  landing g e a r  
( C e n t a u r  c o m m a n d )  

Landing  g e a r s  ex tended  
(V-1 ,  V-2,  V - 3  o n )  

Ex tend  o m n i d i r e c t i o n a l  a n t e n n a s  
( C e n t a u r  c o m m a n d )  

O m n i d i r e c t i o n a l  a n t e n n a s  ex tended  
( M - 1 ,  M-2  o n )  

S p a c e  c r a f t  e l e c t r i c a l  s e p a r a t i o n  
( C e n t a u r  c o m m a n d  ) 

S p a c e c r a f t  e l e c t r i c  a1 s e p a r a t i o n  
( M - 9  o n )  

S p a c e c r a f t  m e c h a n i c a l  s e p a r a t i o n  

A / S P P  s o l a r  p a n e l  unlocked 
( M - 1 4  on)  

A / S P P  s o l a r  p a n e l  locked  
in  t r a n s i t  pos i t ion  
( M - 1 1  on)  

A / S P P  r o l l  axis locked  
in  t r a n s i t  pos i t i on  
( M - 1 3  o n )  

M i s s i o n  T i m e ,  GMT, 
D a y  251, 

h r : m i n : s e c  

07:57:01. 257 

08:  15:45. 5:: 

03:15:47. 765  *l. 2 

08:15:55. 7::: 

08:15:56. 765  *l. 2 

08:16:22. 2::: 

08:16:21. 365  *l. 2 

08:16:26. 8::: 

08:16:27. 9 6 5  *l. 2 

08:22:29 *l. 2 

08:25:36 *1. 2 

.L I. 

R e p o r t e d  t imes f r o m  C e n t a u r  d a t a  ( R e f e r e n c e  1). 

5 . 1 1 - 4  

08 
8 
8 
8 
1 
8 
1 
8 
1 
1 
t 
8 
t 
1 
1 
1 
8 
8 
8 



T A B L E  5 .11  -2. P E R F O R M A N C E  P A R A M E T E R S  SUMMARY 

P a r a m e t e r  

T ime f r o m  C e n t a u r  ex tend  landing 
g e a r  c o m m a n d  t o  l e g s  ex tended  
ind ica t ions  (V-1 ,  V-2 ,  and  V-3 on )  

T ime  f r o m  C e n t a u r  ex tend  o m n i  - 
d i r e c t i o n a l  a n t e n n a  c o m m a n d  to 
om n id ir e c t iona  1 a n t e n n a  s ex tended  
( M - 1  and M - 2  o n )  

S o l a r  axis d e p l o y m e n t  t i m e  ( A / S P P  
s o la r pan  e 1 aut odep  1 o y m e  n t ) 

R o l l  axis dep loymen t  t i m e  ( A / S P P  
s o l a r  p a n e l  au todep loymen t )  

T o t a l  A / S P P  s o l a r  p a n e l  a u t o -  
d e p l o y m e n t  t i m e  

S o l a r  axis l a u n c h  pos i t i on  (355  
' d e g r e e s )  ( M  -3 )  

P o l a r  a x i s  l aunch  pos i t i on  ( 0  
d e g r e e )  ( M - 4 )  

E l e v a t i o n  axis launch  pos i t i on  ( 0  
d e g r e e )  ( M - 6 )  

R o l l  axis launch  pos i t i on  ( - 6 0  
d e g r e e s )  ( M - 7 )  

S o l a r  axis t r a n s i t  p o s i t i o n ( M - 3 )  

R o l l  axis t r a n s i t  pos i t i on  ( M - 7 )  

L e g  de f l ec t ion  s i g n a l s ,  p r e l a u n c h :  

L e g  1 

L e g  2 

L e g  3 

L e g  de f l ec t ion  s i g n a l s ,  p o s  

L e g  1 

L e g  2 

L e g  3 

launch:  

E x p e c t e d  Value ,  
N o m i n a l  

2. 3 s e c o n d s  

2. 4 s e c o n d s  

306 seconds"  

2 16 seconds':' 

.b 

522 seconds."  

361.Odegrees': 

0, 97 degree':' 

1. 88 d e g r e e s  

-58 .4  degrees: :  

270 d e g r e e s  

0 d e g r e e  

2 4  d e g r e e s  
0 BCD 

0 d e g r e e  
958  BCD 

0 d e g r e e  
966 BCD 

0 d e g r e e  
769 BCD 

J. -i.Solar thermal v a c u u m  test phase 2B. 

5. 1 1 - 5  

M e a s u r e d  Value  

2. 265 *l. 2 

1. 065 k l .  2 

298 s e c o n d s  

223 s e c o n d s  

5 2 1 s e c o n d s  

359.4 d e g r e e s  

0.6 d e g r e e  

1 .48  d e g r e e s  

-58 .4  d e g r e e s  

273.8 d e g r e e s  

1 .61  d e g r e e s  

24.5 d e g r e e s  
2 BCD 

25.5 d e g r e e s  
1 BCD 

26.2 d e g r e e s  
2 BCD 

-0. 2 5  d e g r e e  
968 BCD 

0. 16 d e g r e e  
960  BCD 

- 0 . 2 2  d e g r e e  
977 BCD 



Table  5. 11-3 s h o w s  the  p o s i t i o n s  of t h e  A / S P P  a x i s  b e f o r e  and  a f t e r  
t h e  au tomat i c  s o l a r  p a n e l  dep loymen t .  
l i m i t s  when c o r r e c t i o n s  a r e  appl ied  t o  t h e  t e l e m e t r y  da ta .  

T h e s e  all fall wi th in  the  r e q u i r e d  

BCD 

927 

248 

52 1 

355 

1004 

T A B L E  5.11-3.  A / S P P  AXIS POSITIONS F O R  PRELAUNCH AND P O S T -  
AU T 0 D E  P LO Y M EN T C ONDI T IO NS 

Indicated 
Angle, 

d e g r e e s  

379.8 

3. 7 

16. 18  

-49 .8  

- 

M - 0 3  s o l a r  axis 

: A  -04 polar  axis 

M-06 elevation a x i s  

M-07 roll  a x i s  

S -01  re ference  vol tage 

S -02  r e f e r e n c e  r e t u r n  

S -05 commuta tor  
unbalance cur ren l  

917  

2 46 

515 

352 

Pre launch  data t i m e  
4. .I. 

355. 3 

0 .12  

0. 0 1  

-60 .57  

Pr e launch* 

5 16 

501 

- 

- 

- 

Raw Data 

0. 28 

- 0 . 8 0  

- 

- 

- 11: I I 

C o r r e c t e d  Data  

Angle, 
BCD d e g r e e s  

2 51: 07: 09: 03. 919 

P o  s t -auto d e p lo ym en t , T r a n  s it f : *  

Raw Data 

BCD 

717 

247 

520 

505 

1001 

0 

112 

Indicated 
Angle, 

d e g r e e s  

293.8 

3.49 

15. 7 

1.3. 8 

- 

- 

- 

C o r r e c t e d  Data  

Angle, 

272. 9 

245 0. 01  

-,- -,- 
Post-autodeployment  d a t a  t i m e  251:13:48:40. 194  

P o  s t landing  P e r f o r m a n c e  

Table  5. 11-4 p r e s e n t s  t h e  c o m p l e t e  r e c o r d  of s tepping  c o m m a n d s  

F i g u r e  5. 11 -2  p r e s e n t s  t h i s  in  
d u r i n g  l u n a r  o p e r a t i o n s .  
p e r f o r m e d  dur ing  e a c h  b lock  of s tepping .  
g r a p h i c a l  f o r m .  

It  a l s o  i n c l u d e s  a s t a t e m e n t  of the  func t ions  be ing  

Table  5. 11-5  p r o v i d e s  t h e  n u m b e r  and d i r e c t i o n  of s t e p  c o m m a n d s  
s e n t  f o r  each  A / S P P  g i m b a l  a x i s .  

D r i v e  S tepping  R e s p o n s e  

An eva lua t ion  of  s t epp ing  count  t a l l i e s  f o r  the  f i r s t  l u n a r  d a y ,  a s  
c o m p a r e d  with t e l e m e t r y  r e a d i n g s ,  i n d i c a t e s  t ha t ,  a s  fa r  a s  can  be d e t e r -  
mined ,  t h e  g imbal  d r i v e s  r e s p o n d e d  s u c c e s s f u l l y  t o  al l  c o m m a n d s .  T a b l e  
5. 11-6 i s  a c o m p a r i s o n  of t e l e m e t r y  v e r s u s  s t e p  count  a n g u l a r  i n c r e m e n t s  
f o r  e a c h  ax i s .  
ca t ed  a l a r g e r  a n g u l a r  rnotion than  t h e  a c t u a l  n u m b e r  of s t e p s  ~ ~ t n n i d n d e d ,  

I n  t he  t a b l e ,  a pos i t i ve  d i f f e r e n c e  means  the  t e l e m e t r y  ind i -  

5. 11-6  



F i g u r e  5. 11-2.  A / S P P  G i m b a l  Angles  V e r s u s  Time D u r i n g  F i r s t  L u n a r  D a y  

5. 11-7  



TABLE 5 . 1 1  -4. A / S P P  S T E P P I N G  COMMAND LOG 

Execut ion  T ime ,  
day:  h r  :min  

254: 02: 58 
03: 08 
03: 14 
03: 20 
03:25 
03:28 
03:30 
03: 39 
03: 55 
03: 58 
04: 02 
04: 10 
05: 15  
05: 16 
10:43 
10:45 
11:09 
11:20 
11:23 
11:26 
11:31 
11:53 
11:59 
12:Ol 
12:  18 
12:23 
12:34 
12:35 
12:44 

2 55: 22: 41 
22 : 4 3  

256:04: 30 
04: 34 
04:41 
05: 50 
05: 59 
05: 59 

C o m m a n d  

403  
4 0 3  
4 06 
405  
405 
4 04 
4 06 
404  
4 0 5  
406 
403  
404  
403  
406 
404  
405 
4 0 5  
40 6 
405  
4 0 4  
403 
402 
403  
406 
406 
405  
406 
403 
404  

405 
402 

403  
406 
401  
402 
404  
4 0 5  

Quant i ty  

5 84 
570 
1 4 5  
217 

72 
44 

36 1 
292 
108 

22 
219 

59 
69 

2 82 
106 
279 

22 
4 
2 

18 
2 

1 4 5  
50 

29 0 
18 
32  
14 
28 
1 4  

1 5  
87  

3 3  
9 66 
5 0 5  
505 

3 3  
966 

5. 11-8 

Func t ion  

Stow p a n e l s  i n  sa fe  pos i t ion  
for  eng ine  s t a t i c  f i r i ng  and 
r e t u r n  to  n o r m a l  posi t ion 

- 

In i t ia te  e a r t h  s e a r c h  

In i t ia te  sun  s e a r c h  

Comple te  sun acquis i t ion  
R e s u m e  e a r t h  s e a r c h  
C o m p l e t e  e a r th  a c qui  s i t  ion 

Fir s t  s p a c e c r a f t  a t t i tude  
d e  te  r m inat ion 



I. 
I 
8 
8 
I 
I 
I 
I 
I 
1 
1 
I 
8 
8 
1 
' 8  
I 
I 
8 

T a b l e  5. 11-4 (cont inued)  

Execut ion  T i m e ,  
day:hr :min  

256: 19:51 
20: 00 
20: 07 
20:20 
20:27 
21:41 
21:47 
22:03 
22:13 
22: 1 4  
22: 18 
22 : 22 
22:29 

23:34 

258:00:29 
00: 35 
00: 39 
00:42 
00:43 
16:41 
16:43 
16:44 
16:54 
16:55 
16: 58 
17:07 
17: 14 
17: 19 
17:20 
17:28 
17:37 
17:48 
17:58 
18: 04 
19: 08 
19:33 
19:34 
19:46 
19:59 
20:oo 

C o m m a n d  

405 
4 06 
405 
403 
404 
405 
40 1 
405 
4 06 
405  
402 
401 
4 06 

401 

410  
402 
403 
410 
405 
403 
410 
404 
403 
404 
403 
403 
403 
403 
404 
4 04 
403 
403 
403 
4 04 
40 3 
403 
4 04 
403 
4 03 
4 04 

Quant i ty  

19 
35  
18 
42 
42 

361 
7 

47 
10  
8 

10  
1 

4 06 

220 

40 
412 
277 
132 
489 
102 

11 
32 

5 
1 
2 
4 
4 
4 
1 
7 
5 
4 
4 

93 
72  

5 
1 
4 
4 
2 

Funct ion 

I 

Second s p a c e c r a f t  a t t i tude  
de t e rmina t ion  

Lag  sun with s o l a r  pane l  t o  
a d j u s t  c h a r g e  r a t e  (SPAC 
power  suppor t )  

Repos i t ion  to shade  T V  
c a m e r a  and c o m p a r t m e n t  A 

Suppor t  TELCOM in B E R  
t e s t ,  then  r e t u r n  to shading 
conf igura t ion  



T a b l e  5. 11-4 ( con t inued)  

Execu t ion  T i m e ,  
d a y : h r : m i n  

~ 

258:20:09 
20:21 
20:23 
20:46 
20:47 
21:Ol 
21:18 
21:23 
21:33 
21:34 
21:36 
21:38 
21:39 

259:04: 1 7  
04: 19 
17:36 
17:39 
17:41  
17:42 

20: 14 

260:23: 1 0  
23: 1 9  
23:20 

261:01:57 
02: 03  
02: 07 
03:27 
08: 55  
08:58 
09: 05 
09:06 
14:  37 
1 4 : 4 1  
14:42 

262:21: 16 
21:17 
21:35 
21:37 
21:39 
21:47 
21:48 

C o m m a n d  

4 0 3  
4 0 4  
4 0 3  
403 
4 0 4  
4 0 3  
403 
407 
4 0 4  
4 1 0  
4 0 5  
402 
4 1 0  

4 06 
407  
4 0 5  
4 1 0  
4 0 2  
4 0 3  

4 0 2  

4 0 5  
4 07 
4 0 1  

406  
4 04  
4 1 0  
4 0 1  
4 0 2  
4 0 3  
407 
4 0 5  
4 0 4  
3 1 0  
4 06 

4 0 4  
406 
4 0 5  
4 06 
4 0  3 
4 0 4  
403 

Quan t i ty  

3 
8 
2 
4 
2 
3 

1 8  
40 

1 
4 0  

181 
116 

4 

8 7  
7 

8 7  
7 

29 
16 
29 

238  
188 
166 

6 86 
336 
1 2 1  
217 
2 7 5  
3 36 

2 0  
8 89 
3 36 

20 
889 

58 
4 2  
3 2  
16 
2 0  
39 
16 

F u n c t i o n  

S u p p o r t  T E L C O M  i n  B E R  
t e s t ,  t h e n  r e t u r n  t o  shad ing  
c onf igu r at ion 

1 R e p o s i t i p n  t o  s h a d e  T V  
1 c a m e r a  

1 R e p o s i t i o n  t o  s h a d e  c o m -  

J s c a t t e r i n g  d e v i c e  
p a r t r n e n t  A and  a l p h a  

I m p r o v e  shad ing  of c o m -  
p a r t m e n t  A 

> R e p o s i t i o n  to  m a x i m i z e  
1 c o m p a r t m e n t  A shad ing  b y  

r e m o v i n g  p l a n a r  a r r a y  i f r o m  e a r t h  

1 R e t u r n  p l a n a r  a r r a y  t o  1 e a r t h  

R e  s u m e  m a x i m u m  c o m p a r t  - 
m e n t  A s h a d i n g  b y  a g a i n  
b r e a k i n g  p l a n a r  a r r a y  e a r t h  J lock 

) R e t u r n  p l a n a r  a r r a y  t o w a r d  
( e a r t h  

5 . 1 1 - 1 0  

.I 
I 
I 
8 
I 
I 
I 
8 
1 
8 
8 
8 
t 
1 
8 
B 
8 
8 
8 



I. 
1 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
*I 
8 
1 

Table  5. 11-4 (continued) 

Execution Time,  
day:hr : m i n  

263:  1 2 9 5  
12:27 
12:28 
13:02 
13:07 
13: 14 
13: 2 4  
13:29 
13:41 
13:57 
14:Ol 
14: 14 
14: 1 5  
14: 26 
15:55 
15:57 
16:Ol 
16:08 
16:09 
16:22 
17:08 
17: 1 0  
1 7 : l l  
17: 12  
17: 13  
17: 1 3  
17: 1 4  
17: 1 5  
17: 16 
17:17 
17: 18 
17: 19 
17:21 
17:22 
17:23 
17:28 
17:51 
17: 52 
17:53 
17:54  
17:57 
17:58 
17:59 

Command 

405 
4 1 0  
4 0 4  
4 0 4  
4 0 4  
4 04 
4 0 3  
4 0 4  
407 
407 
4 0 4  
4 1 0  
403 
4 0 3  
407 
410 
407 
4 0 3  
4 0 4  
4 0 3  
4 04 
4 0 4  
4 0 4  
4 0 4  
4 04 
4 0 4  
4 04  
4 0 4  
4 04 
4 04  
4 04  
4 0 4  
4 0 4  
4 0 4  
4 04  
4 0 3  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  
4 0 4  

Quantity 

10  
1 3  

111 
5 

1 0  
6 

10 
1 0  
75 
6 0  
28 

1 3 5  
32 

1 2 2  
12  
36 

8 
16 
9 8  
8 2  
3 2  
12  
9 
7 
6 
5 
4 
4 
3 
3 
3 
2 
2 
2 
2 

96 
3 2  
1 2  

9 
7 
6 
5 
4 

5 . 1 1 - 1 1  

Function 

Support second pa r t  of 
TELCOM BER te s t  over 
DSIF 11 

Support TV gain margin 
experiment  (No.  2 2 )  



Tab le  5. 11-4 (cont inued)  
~ 

Execut ion  T ime ,  
day:hr :min  Command  Quant i ty  Func t ion  

263:17:59 404  4 
18: 00 4 0 4  3 
1 8 : O O  4 0 4  3 

18:Ol 4 04  3 Suppor t  T V  ga in  m a r g i n  18:Ol 4 04  2 
18: 02 4 0 4  2 
18: 03 4 04 2 
18:03 4 04  2 
18:05 404  2 
18: 12  4 0 3  97  -I 
19:23 402  363  

264: 21: 34  4 0 4  26 
21:35 410  11 
21:37 405  16 
21:38 4 04 8 
21:41 403  44 
21:50 404  16 
21:51 405  14 
22: 0 4  406 24 
22:lO 405 16 

265: 01: 56 402  100  
02 : 42 40  1 200 
03:47 40  1 200 T h e  s o l a r  pane l  w a s  
03:53 402 35  s tepped  n u m e r o u s  t i m e s  t o  
06 : 46 402 3 5  ’ a d j u s t  t he  b a t t e r y  c h a r g e  
06 : 48 401  1 5  r a t e  
12:48 402  1 5  
12:57 402 1 5  
14: 14 402 10 

266 : 05: 09 401 10  
08: 05 402 10 
08 : 08 402 10  
12:51 402 17 
13:08 402  5 
19: 19 402 15  
23: 14 404  101  
23: 17 406 66 
23: 19 407 43 
23:21 406 51 
23:23 407 36 
23: 24 404  58 

’ e x p e r i m e n t  (NO.  2 2 )  

5 .11 -12  

. ~~~ 



4. 
I 
I 
8 
I 
I 
I 
I 
1 
8 
8 
8 
1 
8 
1 
4 
I 
I 
I 

__ 

P l u s  

0403 

3158 

T a b l e  5. 11-4 (cont inued)  

Minus  P l u s  Minus  P l u s  Minus  

0404 0407 0410 0405 0406 

2221 57 1 570 4138 4549 

Exeuct ion  T i m e ,  
day:  h r :min  

5379 

266:23:26 
23:45 
23:46 
23:48 
23:49 
23:51 
23: 57 

267:03: 19 
03:33 
09:45 
10: 24 
15:32 

17:32 

1141 8687 

Command  

4 06 
407 
4 06 
407 
4 06 
4 0 4  
401 

402 
401 
402 
402 
403 

4 02 

Quantity 

58 
36 
51 
46 
26 
26 
37 

36 
10  
30 

352  
147 

9 8  

Funct ion  

T h e  solar panel  w a s  
s tepped  n u m e r o u s  t i m e s  to  
ad jus t  t he  b a t t e r y  c h a r g e  
r a t e  

Repos i t ion  solar panel  to 
second luna r  d a y  opt imum 
pos i t ion  

T A B L E  5.11 -5. POSTLANDING A / S P P  S T E P P I N G  COMMANDS 
SUMMARY 

I I I 
S o l a r  .s--k-L- 

C o m m a n d  1 I 1::; 
T o t a l  

T o t a l  p lus  
and m i n u s  

Grand  I t o t a l  

P o l a r  I Elevat ion  I R o l l  

I I 

19, 549 

' 5.11-13  



T A B L E  5. 11-6. S T E P  COUNT AND T E L E M E T R Y  INCREMENT 
C 0 M PARISONS 

G M T ,  
day:hr :min  

2 56 : 03 :48 
05:42 

05:42 
07:12 

03:48 
05:42 

05:42 
07:12 

257:15:35 
2 58:06: 59 

257:  15: 35 
258 :06: 59 

257:15: 35 
2 58:06 : 59 

260:23:02 
260:23:40 

260:23:02 
260:23:40 

260:23:02 
260:23:40 

26 1 :O 1 : 53 
26 1 :02:24 

266:23:09 
266:23: 57 

266:  23:  09 
266 :23  : 57 

266:23:09 
266:23:57 

Angle 

S o l a r  (M3) 
S o l a r  (M3)  

S o l a r  (M3)  
S o l a r  ( M 3 )  

Rol l  ( M 7 )  
R o l l  (M7) 

R o l l  ( M 7 )  
R o l l  (M7)  

S o l a r  ( M 3 )  
So 1 a r  ( hl3 ) 

P o l a r  ( M 4 )  
P o l a r  ( M 1 )  

Elevat ion ( M 6 )  
Elevat ion (M6)  

S o l a r  ( M 3 )  
S o l a r  ( M  3 )  

Elevat ion ( M 6 )  
Elevat ion ( M 6 )  

R o l l  (M7)  
Rol l  ( h 1 7 )  

P o l a r  ( M 4 )  
P o l a r  ( M 4 )  

P o l a r  (h14)  
P o l a r  ( M 4 )  

Elevat ion ( h l 6 )  
Elevat ion ( M 6 )  

Roll  (h17) 
Rol l  (M7)  

Angular  Value 

S t e p  Count ,  
d e g r e e s  

237. 89 
307. 78  

307. 78  
237. 89 

- 5 3 . 8 4  
-187. 53 

-187. 53 
- 53. 8 4  

268. 06 
211. 0 4  

67. 7 4  
86. 69 

0. 00 
- 2 5 . 3 3  

186. 96 
209. 93 

- 25. 88 
0. 1 4  

39. 17 
7 2 . 1 1  

94 .72  
71. 71  

6 6 . 6 5  
53. 9 8  

- 22 .00  
0. 1 3  

- 2 2 . 0 0  
- 56. 88 

T e l e m e t r y ,  
d e g r e e s  

239. 7 4  
Mode 4 unavai lab le  

Mode 4 unavai lab le  
239. 48 

- 5 4 . 6 4  
Mode 4 unavai lab le  

Mode 4 unavai lab le  
- 54.39 

270. 7 4  
211.59 

6 7 . 9 1  
86. 3 4  

0. 44 
- 2 4 . 0 9  

187. 57 
2 1 1 . 1 0  

- 2 6 . 2 3  
0. 6 0  

38 .66  
72. 1 4  

94. 26 
71. 8 1  

66. 86  
54. 2 4  

- 2 2 . 8 5  
0. 35 

- 2 2 . 8 7  
- 5 7 . 2 9  

I n c r e m e n t  Value  

S t e p  Count ,  T e l e m e t r y ,  
d e g r e e s  d e g r e e s  

69. 89 d e g r e e s  p l u s  s tepping  
w a s  fol lowed by 69. 8 9  
d e g r e e s  of nega t ive  s tepping.  
T e l e m e t r y  r e t u r n e d  t o  i n i t i a l  
va lue  within 1 BCD. 

-133 .69  d e g r e e s  of s tepping  
w a s  followed by t 133.69 
d e g r e e s  of s tepping.  T e l e m e -  
t r y  r e t u r n e d  to  within 1 BCD I of in i t ia l  value.  

- 5 7 . 0 2  

t 18. 9 5  

-25 .33  

t 2 2 . 9 7  

t 2 6 .  02 

t 32. 9 4  

-23 .01  

-12 .67  

$ 2 2 . 1 3  

-34 .88  

-59. 1 5  

t 1 8 . 4 3  

-24. 53 

t 2 3 .  53 

t 2 6 .  8 3  

t 33. 4 8  

- 2 2 . 4 5  

- 1 2 . 6 2  

t 2 3 . 2 0  

-34. 4 2  

I i f fe rence ,  
d e g r e e s  

- 

- 

2. 1 3  

-0. 52  

- 1 . 2 0  

0. 56 

0. 8 1  

0. 56 

-0. 56 

-0. 05  

1. 07 

-0. 46 

and  v i c e  v e r s a  fo r  a nega t ive  d i f f e rence .  Al l  t e l e n l e t r y  v a l u e s  of t h e  a n g l e s  
in T a b l e  5. 11-6 have  had all  c o r r e c t a b l e  e r r o r s  r e m a v e d .  T h e s e  c o r r e c t i o n s  
a r e  d e s c r i b e d  in  R e f e r e n c e  2. T h e  d i f f e r e n c e  m a g n i t u d e s  a r e  s e e n  t o  be a s  
l a r g e  a s  2. 1 3  d e g r e e s .  
h a v e  been  expec ted  f o r  the  S u r v e y o r  I t h rough  4 d r i v e  s e r i e s ,  but a r e  wi th in  
t h e  i n c r e a s e d  t o l e r a n c e s  of t he  S u r v e y o r  V th rough  S C - 7  r e d e s i g n  ( c -  4 d e g r e e s ) .  
T h e r e f o r e ,  a l l  s t epp ing  e f f i c i e n c i e s  a r e  c o m p l e t e l y  within d r i v e  e r r o r  
tole  ran c e s.  

T h e s e  m a g n i t u d e s  e x c e e d  the  t o l e r a n c e s  t h a t  would 
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5.12  T E R M I N A L  DESCENT T R A J E C T O R Y  P E R F O R M A N C E  

5. 12. 1 INTRODUCTION 

A f t e r  t he  p r i m a r y  m i d c o u r s e  c o r r e c t i o n  w a s  in i t ia ted ,  a h e l i u m  l e a k -  

In a n  a t t e m p t  t o  c o r r e c t  t h i s  ma l func t ion ,  
a g e  w a s  d e t e c t e d  and the  c a u s e  d e t e r m i n e d  t o  be  t h e  d i r e c t  r e s u l t  of i m p r o p e r  
r e s e a t i n g  of t he  h e l i u m  r e g u l a t o r .  
f o u r  add i t iona l  m i d c o u r  se m a n e u v e r s  w e r e  p e r f o r m e d .  Although t h e  p r o b l e m  
p e r s i s t e d ,  e x t e n s i v e  a n a l y s i s  du r ing  t h i s  p e r i o d ,  inc luding  v e r n i e r  p r o p u l s i o n  
s y s t e m  t e s t i n g ,  i nd ica t ed  tha t  a soft  landing could  p o s s i b l y  be  ach ieved .  T h e  
r e d u c t i o n  in  t h e  he l ium supp ly  governed  a h ighly  n o n s t a n d a r d ,  low r e t r o  
b u r n o u t  t e r m i n a l  d e s c e n t  s equence .  T h e r e f o r e ,  t h e  s i x t h  a n d  f i n a l  m i d c o u r s e  
m a n e u v e r  w a s  p e r f o r m e d  t o  p rov ide  t h e  n e c e s s a r y  a d j u s t m e n t s  in  o r d e r  t o  
a t t e m p t  t h e  sof t  landing.  
we igh t  to  r e d u c e  r e t r o  bu rnou t  ve loc i ty  t o  the  d e s i r e d  va lue ,  2 )  t o  i n c r e a s e  
h e l i u m  v o l u m e  within the  v e r n i e r  engine p r o p e l l a n t  t a n k  s u b s y s t e m  t o  p r o v i d e  
su f f i c i en t  v e r n i e r  eng ine  d e s c e n t  capabi l i ty ,  and  3 )  t o  c o r r e c t  t h e  t r a j e c t o r y  
b a c k  t o  t h e  o r i g i n a l  a i m i n g  point.  

T h e s e  a d j u s t m e n t s  w e r e  1 )  to  l ighten s p a c e c r a f t  

T h e  modi f ied  t e r m i n a l  de scent,  1s d e t e r m i z z d  froi>i the e x t e n s i v e  
a n a l y s i s ,  r e s u l t e d  in t h e  g e n e r a t i o n  of an e m e r g e n c y  backup  c o m m a n d  t a p e  
t h a t  would o v e r r i d e  t h e  on -boa rd  fl ight p r o g r a m m e r  gove rn ing  t h e  r e t r o  p h a s e  
s e q u e n c e  of even t s .  B a s e d  on a ca l cu la t ed  r e t r o  b u r n  t i m e  ( f r o m  r e t r o  ign i -  
t i o n  t o  t h e  3 .  5 g po in t )  of 39 .28  s e c o n d s ,  t h e  c o m m a n d  t a p e  w a s  g e n e r a t e d  so 
t h a t  t h e  r e t r o  case would be  e j e c t e d  8 s e c o n d s  a f t e r  t he  3. 5 g point ,  fo l lowed 
0. 5 second  l a t e r  by t h e  v e r n i e r  engine  c o m m a n d  t o  high t h r u s t ,  fo l lowed b y  
1. 5 s e c o n d s  d e l a y  un t i l  t he  s t a r t  of the RADVS-con t ro l l ed  d e s c e n t .  In  add i t ion  
t o  t h e  t a p e  g e n e r a t i o n ,  t he  v e r n i e r  igni t ion d e l a y  t i m e  f rom t h e  AMR mark 
w a s  d e t e r m i n e d  t o  be 12. 325 seconds .  To  c o n s e r v e  v e r n i e r  p r o p e l l a n t ,  t h e  
low t h r u s t  op t ion  d u r i n g  r e t r o  b u r n  of 152. 2 pounds  would be  i m p l e m e n t e d .  
T h i s  r e d e s i g n ,  if s u c c e s s f u l ,  would r e s u l t  i n  a r e t r o  bu rnou t  condi t ion  of 
a p p r o x i m a t e l y  4600 feet  a l t i t ude  and  94 f p s  v e l o c i t y  a s  c o m p a r e d  t o  37, 743  
f e e t  and  463 f p s  f o r  t h e  n o m i n a l  m i s s i o n .  T h e s e  bu rnou t  cond i t ions  w e r e  
s e l e c t e d  so t h a t  t h e  n o m i n a l  bu rnou t  would be wi th in  t h e  p o s s i b l e  b u r n o u t  
r e g i o n  def ined  by  the  m a x i m u m  v e r n i e r  d e s c e n t  c a p a b i l i t y  a s  shown in 
F i g u r e  5. 12-1.  

In  o r d e r  t o  a c h i e v e  the d e s i r e d  bu rnou t  v e l o c i t y  and  a n e a r  v e r t i c a l  
f l i gh t  pa th  a n g l e  a t  bu rnou t ,  t h e  r e t r o  t h r u s t  d i r e c t i o n  a t  ign i t ion  w a s  c a l c u -  
l a t ed  to  be b i a s e d  0. 7 8  d e g r e e  downward in  t h e  t r a j e c t o r y  p l ane .  

5 .12 -1  
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Figure  5. 12-1. Re t ro  Burnout Conditions (State of RADVS-controlled Descent )  
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T h e  S u r v e y o r  V s p a c e c r a f t ,  though subjec ted  to  e x t r e m e  condi t ions 
d u r i ~ g  t h e   terminal^ phase ,  p e r f o r m e d  miraci.i.lously well du r ing  the  d e s c e n t  
and s u c c e s s f u l l y  sof t  landed on  the  edge of a s m a l l  l una r  c r a t e r .  T h e  s p a c e -  
c r a f t  landed on about a 20 -degree  slope with a ve loc i ty  of approx ima te ly  
13. 5 fps. 

T h e  v e r n i e r  engine p e r f o r m a n c e  du r ing  the  v e r n i e r  phase  w a s  expec ted  
t o  be d e g r a d e d  due  t o  the he l ium loss .  
p h a s e ,  the  postf l ight  a n a l y s i s  of the t e l e m e t r y  da t a  indicated a degrada t ion  
i n  the  v e r n i e r  engine p e r f o r m a n c e .  
5. 12. 4.7.  

Dur ing  the c o m m a n d  d e s c e n t  contour  

T h i s  i s  f u r t h e r  d i s c u s s e d  in subsec t ion  

Approx ima te ly  0. 5 second af te r  the r e t r o  c a s e  e jec ted ,  the r a d a r  
a l t i m e t e r  beam dropped lock and then r e a c q u i r e d  lock  approx ima te ly  1. 4 
s e c o n d s  a f t e r  the  s t a r t  of t h e  RADVS-controlled d e s c e n t  phase .  Approx i -  
m a t e l y  0. 8 second a f t e r  t he  s t a r t  of RADVS-control led descen t ,  r a d a r  dop-  
p l e r  ve loc i ty  s e n s o r  b e a m  3 dropped lock  and r e a c q u i r e d  lock  a p p r o x i m a t e l y  
4 . 4  seconds  a f t e r  the  s t a r t  of RADVS cont ro l .  

T h e  loss  of lock  of both b e a m s  w a s  probably  caused  by the r e t r o  
c a s e  p a s s i n g  through the  b e a m  di rec t ion .  
i n  the  loss  of r e l i a b l e  ope ra t ion  of the doppler  ve loc i ty  s e n s o r s  (RODVS), 
and t h e  loss  of lock of both t h e  r a d a r  a l t i m e t e r  and b e a m  3 r e su l t ed  in t h e  
loss  of r e l i ab le  ope ra t ion  of the  radar a l t i m e t e r ( R 0 R A ) .  The l o s s  of RORA 
a t  t h i s  point had no  ef fec t  on  the  m i s s i o n  s ince  the s p a c e c r a f t  w a s  in the  
m i n i m u m  a c c e l e r a t i o n  c o n t r o l  mode. However ,  the  l o s s  of RODVS r e s u l t e d  
in e r r o n e o u s  s p a c e c r a f t  s t e e r i n g  f o r  a p p r o x i m a t e l y  4 seconds  a t  which t i m e  
b e a m  3 r e a c q u i r e d  lock. T h e  d r o p  lock  of beam 3 had a n  a p p a r e n t  e f fec t  on 
the  s p a c e c r a f t  p red ic t ed  p e r f o r m a n c e  in which op t ima l  p e r f o r m a n c e  of a l l  
s p a c e c r a f t  s u b s y s t e m s  w a s  d e s i r e d ;  for tuna te ly ,  the e r r o n e o u s  s t e e r i n g  w a s  
in a f a v o r a b l e  d i r ec t ion .  

The d r o p  lock of beam 3 r e s u l t e d  

T h e  t e r m i n a l  d e s c e n t  p e r f o r m a n c e  and the  m a j o r  t i m e  e v e n t s  a r e  
s u m m a r i z e d  in t h i s  sec t ion ,  a f t e r  which a d i scuss ion  of t he  s p a c e c r a f t  t e r -  
m i n a l  de scen t  p e r f o r m a n c e ,  a s  r e c o n s t r u c t e d  by c a l i b r a t e d  t e l e m e t r y  da t a  
and ana ly t i c  r e c o n s t r u c t i o n  techniques, .  is  p re sen ted .  

5. 12. 2 ANOMALY DESCRIPTION 

An a n o m a l y  d u r i n g  the  t e r m i n a l  d e s c e n t  p h a s e  is def ined as  a n y  
devia t ion  f rom the  expec ted  m i s s i o n  or  s y s t e m  p e r f o r m a n c e  d u r i n g  t h i s  
p h a s e  of the  mis s ion .  

T h e  r a d a r  a l t i m e t e r  dropped l o c k  a p p r o x i m a t e l y  0. 5 second a f t e r  
r e t r o  c a s e  e j e c t  and  r e a c q u i r e d  lock a p p r o x i m a t e l y  1. 4 s e c o n d s  a f t e r  t h e  
s t a r t  of the  RADVS-control led descen t  phase .  Doppler  ve loc i ty  b e a m  3 
d ropped  lock  a p p r o x i m a t e l y  0. 8 second a f t e r  the s t a r t  of the RADVS- 
con t ro l l ed  d e s c e n t  and r e a c q u i r e d  lock a p p r o x i m a t e l y  3. 5 seconds  a f t e r  
loss  of lock. T h i s  r e s u l t e d  in  the  l o s s  of RORA and RODVS. The  loss  of 
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RORA had no e f f ec t  o n  t h i s  p h a s e  of the  d e s c e n t ;  h o w e v e r ,  t h e  loss  of RODVS 
r e s u l t e d  i n  e r r o n e o u s  s p a c e c r a f t  s t e e r i n g .  
t i m e  for p r o p e r  s t e e r i n g  of the  s p a c e c r a f t .  

T h e  r a d a r  beam r e a c q u i r e d  in 

P e r f o r m a n c e  of t h e  v e r n i e r  e n g i n e s  w a s  a p p a r e n t l y  d e g r a d e d  due  t o  
t h e  h e l i u m  l o s s ;  f o r t u n a t e l y ,  t he  d e g r a d a t i o n  w a s  not c r i t i c a l  to  t h e  s u c c e s s  
of the  m i s s i o n .  
and  p a r a g r a p h  5. 12. 4. 7. 

F u r t h e r  d i s c u s s i o n s  of t h i s  p r o b l e m  a re  g iven  in s e c t i o n  5.6 

5 . 1 2 . 3  SUMMARY AND RECOMMENDATIONS 

T a b l e  5. 12 -1  l i s t s  s ign i f i can t  t e r m i n a l  d e s c e n t  e v e n t s  and the  m o s t  
a c c u r a t e  d e t e r m i n a t i o n  of e a c h  e v e n t ' s  t i m e  of o c c u r r e n c e .  T h e  DSS t i m e  
is e i t h e r  p lus  o r  m i n u s  the  one -way  t r a n s i t  t i m e  d e l a y  ( a p p r o x i m a t e l y  1. 234  
s e c o n d s ) ,  depending o n  w h e t h e r  the even t  i s  a c o m m a n d  o r  a t e l e m e t e r e d  
s p a c e c r a f t  act ion.  

T h e  s igni f icant  t e r m i n a l  d e s c e n t  p e r f o r m a n c e  p a r a m e t e r s  a r e  s u m  - 
m a r i z e d  in  Tab le  5. 12-2,  a long  wi th  the  p r e d i c t e d  v a l u e s  f o r  t h e  n o n s t a n d a r d  
d e s c e n t  sequence .  
d u r i n g  the  t e r m i n a l  d e s c e n t  even  wi th  the  g round  c o m m a n d  o v e r r i d e  of the  
r e t r o  p h a s e  sequence  of e v e n t s ,  t he  d r o p  l o c k  of b e a m  3 ,  and  the  d e g r a d a t i o n  
of the  v e r n i e r  eng ine  p e r f o r m a n c e .  

T h e  S u r v e y o r  V s p a c e c r a f t  p e r f o r m e d  e x t r e m e l y  w e l l  

5 . 1 2 . 4  P E R F O R M A N C E  ANALYSIS 

5. 12. 4. 1 In t roduct ion  

T h e  S u r v e y o r  V t e r m i n a l  p h a s e  p e r f o r m a n c e  h a s  b e e n  i n v e s t i g a t e d  
and  ana lyzed  by c o m p a r i n g  p r o c e s s e d  t e l e m e t r y  d a t a  b y  the  P R E P R O  
( d e s c r i b e d  in p a r a g r a p h  5. 12. 4. 2 )  p r o g r a m  wi th  a p r e c i s i o n  s i x - d e g r e e  -of - 
f r e e d o m  ( 6 D O F )  d ig i t a l  s i m u l a t i o n  r e c o n s t r u c t i o n .  
d i c t e d  pref l igh t  and  p r e t e r m i n a l  inf l ight  p a r a m e t e r s  wi th in  t h e  6DOF w e r e  
a d j u s t e d  s o  as  t o  co inc ide  d i s c r e t e  t i m e  e v e n t s  with d i s c r e t e  t e l e m e t r y  t i m e  
e v e n t s .  
f o r  c o n s t r u c t i n g  a b e s t - f i t  t r a j e c t o r y .  T a b l e  5. 1 2 - 3  s h o w s  t h e  d i s c r e t e  
t i m e  e v e n t s  d e t e r m i n e d  f r o m  t e l e m e t r y  d a t a  a n d  c o m p a r e d  wi th  t h e  b e s t  
m a t c h  r e c o n s t r u c t i o n  by  the  6 D O F  p r o g r a m .  

V a r i o u s  n o m i n a l  p r e  - 

T h e s e  e v e n t s  p r o v i d e  the  6DOF p r o g r a m  wi th  s ign i f i can t  d a t a  po in t s  

T h e  one -way  d o p p l e r  d a t a ,  a s  r e c e i v e d  by  the  t r a c k i n g  s t a t i o n ,  p r o -  
v ide  s in fo rma t ion  f o r  r e c o n s t r u c t i n g  a h igh ly  a c c u r a t e  r e t r o  t h r u s t  - t i m e  
c u r v e .  T h e s e  d a t a ,  u t i l i zed  b y  t h e  D O P P  p r o g r a m ,  a l s o  a l low d e t e r m i n a t i o n  
of the r e t r o  spec i f i c  i m p u l s e ,  r e t r o  p e r f o r m a n c e ,  and c h a r a c t e r i s t i c  v e l o c i t y  
( t o t a l  AV r e m o v e d )  d u r i n g  the  r e t r o  phase .  F r o m  t h e  r e t r o  a c c e l e r o m e t e r  
t e l e m e t r y  da t a ,  a t h r u s t - t i m e  c u r v e  is  a l s o  r e c o n s t r u c t e d  by  t h e  T T C  p r o -  
g r a m ,  and  c o m p a r i s o n  is  m a d e  wi th  the  D O P P  p r o g r a m  r e c o n s t r u c t i o n .  

5. 12-4 
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TABLE 5.12-1. BEST ESTIMATE TIMES FOR SURVEYOR V 

GMT, Day 254, Hour 00 

Event 

AMR m a r k  

AMR backup command sent  

Vern ie r  engine ignition 

Re t ro  engine ignition 

RODVS on 

RORA on 

3. 5-g switch 

Ret ro  eject  

Re t ro  ejected 

RORA off 

S t a r t  maximum thrus t  

S t a r t  RADVS - controlled de 

B e a m  3 unlock 

RORA on 

B e a m  3 lock 
1 0 0 0 - foot ma r k  

znt 

Segment intercept  (segment  th ree )  

.Tnd of segment  th ree  

10-fps m a r k  

14-foot m a r k  

Touchdown 

At DSS 11, 
min : s ec 

44:39. 081 f 0.025 
44:46.380 f 0.05 
44:51.426 f 0. 02 
44:52.496 f 0.05 
45:20.555 f 0.6 
45:24. 155 f 0.6 
45:31.430 f 0.025 
45:40.395 f 0.05 
45:40. 855 f 0. 6 
45:40. 954 f 0.6 
45:40. 955 f 0.6 
45:42.430 f 0.025 
45:43.248 f 0.6 
45:47.000 f 0.7 
45:46. 846 f 0. 60 
46:19. 697 f 0. 05 
46:22. 134 f 0. 15 
46:28. 724 f 0. 15 

46:37. 097 f 0.05 
46:42. 697 f 0.05 
46:44.397 t 0, 

- 0. 07 

5.12-5 

At Spacecraft ,  
min : s ec 

44:38. 847 f 0.025 
44:47.614 f 0. 05 
44:50. 192 f 0.02 
44:51.262 f 0.05 
45:19.321 f 0.6 
45:22. 921 f 0.6 
45:30. 196 f 0.025 
45:39. 161 f 0. 05 
45:39. 621 f 0. 6 
45:39. 720 f 0. 6 
45:39. 721 f 0. 6 
45:41. 196 f 0. 025 
45:42. 014 f 0. 6 
45:45. 766 f 0. 7 
45:45. 612 f 0. 60 
46: 18.463 f 0. 05 
46:20. 900 f 0. 15 
46:27.490 f 0. 15 
46:35. 863 f 0.05 
46:41.463 f 0.05 
46:43. 163 t 0, 

- 0.07 



T A B L E  5. 12-2.  SUMMARY O F  T E R M I N A L  D E S C E N T  
P E R F O R M A N C E  P A R A M E T E R S  

P a r a m e t e r  

V e r n i  e r ignit ion i n i t i a l  c o nd i t io  n s  

Time,  h r :min :  sec  
Al t i tude ,  f e e t  
Veloc i ty ,  f p s  
At t i tude ,  d e g r e e s  
T h r u s t  v e c t o r  b ias ,  d e g r e e s  

S t a r t  RADVS con t ro l l ed  de s c e n t  

Al t i tude ,  feet 
T o t a l  ve loc i ty ,  fps 

VX 
v Y  
VZ 

At t i tude ,  d e g r e e  s 
F l i g h t  pa th  a n g l e ,  d e g r e e s  
R e t r o  b u r n  t ime ,  s e c o n d s  

M i s a l i g n m e n t  ang le  d u r i n g  r e t r o  

I n  p l ane ,  d e g r e e s  
O u t  of p l a n e ,  d e g r e e s  

1000 - foot  mark cond i t ions  

Slant r a n g e ,  f e e t  
T o t a l  ve loc i ty ,  f p s  

At t i tude ,  d e g r e e s  
VZ 

S e g m e n t  acqu i s i t i on  cond i t ions  

Slant r a n g e  
Veloc i ty  ( V z ) ,  f p s  

10- fps  m a r k  condi t ions  

Slant r a n g e ,  feet 
Veloc i ty  ( V z ) ,  f p s  
At t i tude ,  d e g r e e s  

V e r n i e r  engine cutoff  cond i t ions  

Slant r a n g e ,  feet  
Veloc i ty  ( V z ) ,  f p s  
Att i tude,  d e g r e e s  

Touchdown cond i t ions  

Longi tudinal  v e l o c i t y ,  f p s  
L a t e r a l  v e l o c i t y ,  f p s  
T o t a l  v e r n i e r  p r o p e l l a n t  used ,  
pounds 

5. 12-6  

P r e d i c t e d  
Va lue  

00:44: 50.  05 
150 ,  164  

a ,  484. 84 
44. 27 
- 0 . 7 8  

4 , 5 9 8  
9 4  
- 
- 
- 
45. 7 3  
- 5 . 0 5  
39. 28 

0 
0 

1: 000 
106. 45 

-8.  3 
- 

1 , 5 0 0  
117 

43. 0 
8. 6 

-0 .  2 4  

13. 0 
5.  0 4  

-0.  10 

13. 0 
0. 0 

136. 65 

B e s t  
E s t i m a t e d  

V a l u e  

0 0 : 4 4 5 0 .  192 
147 ,  604 

8 , 4 8 7 .  68 
44. 27 
-0 .  78 

4,  139. 5 
79.  3 

-40.  9 
49. 9 
45. 7 
45. 72 

-35. 67 
38. 9 3 4  

-0 .  0 6  
- 0 .  291  

1 , 0 4 8  
96 .  0 3  
95.  7 
- 7 .  5 

8 0 6  
97  

46 
9. 3 

- 0 . 5 3  

14. 5 
5. 2 
0. 11 

13. 5 
0. 5 

136. 62 
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T A B L E  5.12-3.  6DOF DISCRETE TIME EVENTS VERSUS T E L E M E T E R E D  

E v e n t  

V e r n i e r  eng ine  igni t ion 

R e t r o  ign i t ion  

3. 5-g m a r k  

R e t r o  e j e c t  

S t a r t  m a x i m u m  t h r u s t  

S t a r t  RAD VS - c ont  rolle d 
d e  s c  en t  

1000 -foot mark  

Se g m e n t  i n t e r c e p t  
( s e g m e n t  3 )  

S e g m e n t  3 - e n g i n e  
t h r  u s t c o mm and 
u n s a t u r a t e  

End  of s e g m e n t  3 

S e g m e n t  4 - eng ine  
t h r u s t  c o m m a n d  
u n s a t u r a t e  

1 0 - f p s  m a r k  

14-foot mark 

Touchdown 

6DOF Time, 
: F i g u r e s  5. 12-8  

second s 
to  14), 

0. 0 
1. 1 

40. 01 

49.01 

49. 51 

51.01 

88. 33 

90.70 

94.80 

97.25 

104.00 

106. 55 

112.32 

113. 86 

GMT 

C o n v e r t e d  
F i g u r e  T i m e  

to  GMT,  
m i n :  s e c  

44: 5 1. 40 
44:52. 50 

45:31. 41 

45:40. 41 

45:40. 91 

45:42. 41 

46: 19. 73 

46:22. 10 

46:26. 90 

46:28. 65  

46:35. 40 

46:37. 95 

46:43. 72 

46:45. 26 

Ac tua l  GMT 
a t  DSS-11, 
min :  s e c  

44: 5 1. 426*0. 02 5 

44:52. 496*0. 05 

45:31. 430*0. 025 

45:40. 395*0. 05 

45:40. 955*0.6 

45:42. 430*0. 025 

46: 19.697*0. 05 

46:22. 134*0. 1 5  

46: 26. 6 34*0. 15 

46:28. 724*0. 15 

46:35. 334*0. 15 

46:37. 097*0. 05 

46:42. 697*0. 05 

4 6 ~ 4 4 .  397 t0 ,  -0.7 

An  add i t iona l  f e a t u r e  i m p l e m e n t e d  wi th in  t h e  6DOF p r o g r a m ,  which 
p r o v i d e s  a measure of conf idence  to the  6DOF r e c o n s t r u c t i o n ,  is a s i m u -  
l a t i o n  of t he  d o p p l e r  da ta .  T h e  dopp le r  d a t a  w e r e  c o n v e r t e d  to radial ve loc i ty ,  
t he  ve loc i ty  in  t h e  d i r e c t i o n  of t h e  e a r t h  t r a c k i n g  s t a t i o n - s p a c e c r a f t  l i n e  of 
s ight .  T h e  s a m e  p a r a m e t e r  i s  computed  within t h e  6 D O F  p r o g r a m .  T h e  two  
m e t h o d s  a r e  then  c o m p a r e d ,  t h u s  provid ing  an  add i t iona l  conf idence  measure  - 
m e n t  of t h e  6DOF r e c o n s t r u c t i o n .  

T h e  t o t a l  v e r n i e r  p rope l l an t  c o n s u m p t i o n  ( T a b l e  5. 12-4)  f o r  t he  i n d i -  
v i d u a l  m i d c o u r s e  m a n e u v e r s  and r e t r o  a n d  v e r n i e r  p h a s e s  w a s  d e t e r m i n e d  
by  u t i l i za t ion  of t he  v e r n i e r  engine  f l i gh t  a c c e p t a n c e  d a t a  of m i x t u r e  r a t i o  
and  spec i f i c  i m p u l s e  a s  a func t ion  of t h r u s t .  H o w e v e r ,  t he  t e s t  d a t a  a re  
a l s o  a func t ion  of he l ium p r e s s u r e  and t e m p e r a t u r e  c h a r a c t e r i s t i c s .  T h e  

5. 12-7 



T A B L E  5 .12 -4 .  VERNIER PROPELLANT CONSUMPTION,  POUNDS 

P h a  s e 

U i d c o u r s e  1 

Midcourse  2 

M i d c o u r s e  3 

M i d c o u r s e  4 

M i d c o u r s e  5 

M i d c o u r s e  6 
T o t a l  m i d c o u r s e  

Main r e t r o  
p h a s e  

V e r n i e r  p h a s e  

T o t a l  u s e d  

T o t a l  l o a d e d  

T r a p p e d  ( l i n e s  
and expu l s ion  
e f f i c i ency  ) 

U s a b l e  l o a d e d  
( t o t a l -  t r a p p e d )  

R e m a i n i n g  
p r  ope l l an t  
( u s a b l e  a n d  
u n u s a b l e )  

E n g i n e  1 

3. 69  

2. 62  

5 .97  

3 . 3 8  

8. 56 
1 . 4 1  

25. 63 

1 0 . 4 3  

10 .34  

4 6 . 4 0  

61. 25 

0.  71 

60. 54 

14. 14 

E n g i n e  2 

3.  69 

2.  61 
5 . 9 7  

3. 3 8  

8. 56 

1 . 4 1  

2 5 . 6 2  

9. 84 

1 0 . 3 4  

45.  80 

61. 25 

0. 71 

60.  54 

14.  74 

E n g i n e  3 

3 . 6 5  

2. 58  

5.  90 

3 .34  

8 . 4 6  

1 . 3 9  

25 .32  

8. 76 

1 0 . 3 4  

4 4 . 4 2  

6 1 .  25 

0.  71 

60. 54 

16.  12  

T o t a l  
~~ 

1 1 . 0 3  

7. 81 

17.  84 

1 0 . 1 0  

2 5 . 5 8  

4 . 2 1  

76. 57  

2 9 . 0 3  

3 1 . 0 2  

1 3 6 . 6 2  

183.  75  

2.  13 

1 8 1 . 6 2  

4 5 . 0 0  

P r e t e r m i n a l  
M i s s i o n  

P r e d i c t i o n s  

7 7 . 0 0  

28. 70 

3 0 . 9 5  

1 3 6 . 6 5  

1 8 1 . 6 2  

4 4 . 9 7  

v e r n i e r  p rope l l an t  consumpt ion  d e t e r m i n a t i o n  t h e r e f o r e  cannot  be a s s i g n e d  
t o  wi th in  a n y  high d e g r e e  of a c c u r a c y  due  t o  the  d e g r a d e d  p e r f o r m a n c e  of the  
v e r n i e r  engine  s u b s y s t e m  c a u s e d  by the  h e l i u m  r e g u l a t o r  ma l func t ion .  How - 
e v e r ,  t he  r e s u l t s  a re  inc luded  s i n c e  t h e y  w i l l  i n d i c a t e  the  p r o b a b l e  p r o p e l l a n t  
con  s u m p t  ion. 

T h e  bes t  -fit t e r m i n a l  d e s c e n t  t r a j e c t o r y  r e c o n s t r u c t i o n  s c h e m e  
e m p l o y e d  f o r  S u r v e y o r  V w a s  similar t o  t h a t  of p r e v i o u s  f l i gh t s .  Again ,  t h e  
s c h e m e  depends  o n  e s t a b l i s h i n g  a good r e f e r e n c e  poin t  n e a r  r e t r o  bu rnou t  
in  wh ich  the  s p a c e c r a f t  V,, Vyy  and  V, t e l e m e t r y  d a t a  a r e  r e l i a b l e .  T h e  
poin t  s e l e c t e d  w a s  at r e t r o  case e j e c t  s i n c e  at t h i s  po in t  all d o p p l e r  v e l o c i t y  
s e n s o r  b e a m s  w e r e  r e l i a b l e .  
RADVS and t e l e m e t r y  s y s t e m s ,  the  c a l i b r a t e d  V,, Vy, and V, v e l o c i t i e s  a t  
r e t r o  c a s e  e j ec t  w e r e  d e t e r m i n e d  t o  be :  

B a s e d  o n  p o s t m i s s i o n  a s s e s s m e n t  of t h e  

5 . 1 2 - 8  
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v = -33 .75  f p s  
X 

V = 49. 84 f p s  

V = 6 0 . 7 9 f p s  
Y 

Z 

T h e s e  v a l u e s  a r e  a c c u r a t e  t o  within 1 p e r c e n t .  

With t h e  D O P P  p r o g r a m  r e t r o  t h r u s t - t i m e  c u r v e  a s  input  in to  t h e  
6 D O F  p r o g r a m ,  the  i n i t i a l  condi t ions  a t  v e r n i e r  igni t ion of ve loc i ty ,  a l t i t ude ,  
and r e t r o  t h r u s t  v e c t o r  m i s a l i g n m e n t  ( a s  d e t e r m i n e d  from o r b i t  d e t e r m i n a t i o n  
pos t f l i gh t  d a t a )  w e r e  p e r t u r b e d  within the  6DOF p r o g r a m  un t i l  t he  above  
v e l o c i t i e s  at r e t r o  c a s e  e j e c t  and the e l a p s e d  t i m e  f r o m  s t a r t  of RADVS- 
c o n t r o l l e d  s t e e r i n g  t o  t h e  1000-foot mark and  c o m m a n d  d e s c e n t  c o n t o u r  
i n t e r c e p t  ( a s  ind ica t ed  b y  t e l e m e t r y )  w e r e  m a t c h e d .  
i n d i c a t e d  a d e g r a d a t i o n  in  the  v e r n i e r  eng ine  p e r f o r m a n c e  d u r i n g  the  c o m -  
m a n d  d e s c e n t  con tour  p h a s e .  T h e r e f o r e ,  add i t iona l  a d j u s t m e n t s  w e r e  m a d e  
t o  t h e  eng ine  m o d e l  w i th in  t h e  6DOF p r o g r a m  in o r d e r  t o  m a t c h  the  t e l e m e t r y  
ind ica t ed  condi t ions  ( see  p a r a g r a p h  5. 12. 4. 7 f o r  f u r t h e r  d i s c u s s i o n ) .  

T e l e m e t r y  d a t a  a l s o  

Also s i m u l a t e d  in  t h e  6DOF p r o g r a m  w a s  t h e  d r o p  l o c k  of b e a m s  3 
and  4 a t  t he  t i m e  of RADVS-cont ro l led  d e s c e n t .  With t h e  v e l o c i t i e s  a t  r e t r o  
c a s e  e j e c t  and  the  d i s c r e t e  t ime e v e n t s  m a t c h e d ,  t h e  6 D O F  r e c o n s t r u c t i o n  
p r o v i d e d  a f a i r l y  c l o s e  c o m p a r i s o n  t o  the  t e l e m e t r y  da t a .  T h e r e f o r e ,  t h e  
6 D O F  r e c o n s t r u c t i o n  w a s  c o n s i d e r e d  a good e s t i m a t e  of t h e  a c t u a l  S u r v e y o r  V 
p e r f o r m a n c e .  
5. 12. 4. 7. 

T h e  6 D O F  r e c o n s t r u c t i o n  is d i s c u s s e d  f u r t h e r  in  p a r a g r a p h  

5. 12. 4. 2 Pos t f l i gh t  A n a l y s i s  C o m p u t e r  P r o g r a m s  

P R E P R O  

T h e  P R E P R O  p r o g r a m  c o n v e r t s  a n  input  t a p e  of p r o c e s s e d  t e l e m e t r y  
d a t a  i n t o  a p p r o p r i a t e  e n g i n e e r i n g  uni ts .  T h e  input  t e l e m e t r y  d a t a  t a p e  is  
p r e p r o c e s s e d  by Hughes  in to  r a w  BCD c o u n t s  and a p p e a r s  i n  c o m m u t a t o r  
s equence .  
u t i l i z e d  wi th in  the  p r o g r a m  f o r  t h e  c o n v e r s i o n  in to  e n g i n e e r i n g  uni t s .  P r i o r  
t o  t h e  c o n v e r s i o n ,  t he  f l ight  c o n t r o l  r e f e r e n c e  r e t u r n  ( F C - 7 7  t e l e m e t r y  s ig  - 
n a l )  c o r r e c t i o n  is m a d e  t o  t h e  a p p r o p r i a t e  s i g n a l s .  
e n g i n e e r i n g  d a t a  s ign i f i can t  t o  t e r m i n a l  d e s c e n t  r e c o n s t r u c t i o n  in to  p r e  - 
s e l e c t e d  e q u a l  t i m e  i n t e r v a l s .  
No. 1 of t h e  i n t e r p o l a t e d  eng inee r ing  d a t a ,  and  t a p e  No. 2 of all t h e  input  
s i g n a l s  i n  p r o p e r  e n g i n e e r i n g  u n i t s  a s  t h e y  a p p e a r  i n  c o m m u t a t o r  s equence .  

T h e  s p a c e c r a f t  pr efl ight t e l e m e t r y  c a l i b r a t i o n  coe f f i c i en t s  are  

T h e  p r o g r a m  i n t e r p o l a t e s  

P R E P R O  then  w r i t e s  two output  t a p e s :  t a p e  

POST P R  

P O S T P R  p r o v i d e s  m a c h i n e s  p l o t s  ( C A L C O M P )  of a n y  c o m b i n a t i o n  of 
v a r i a b l e s  f r o m  t h e  fo l lowing  input  data t a p e s :  P R E P R O  t a p e  No. 1, 6 D O F  
d a t a  t a p e ,  and  both P R E P R O  t a p e  N o .  1 and  t h e  6 D O F  t a p e ,  t h u s  p rov id ing  
a s u p e r i m p o s e d  p lo t  of the  b e s t  e s t i m a t e d  6 D O F  r e c o n s t r u c t i o n  and  the  
t e l e m e t e r  ed da t a .  

5 .12-9  



6DOF 

6DOF i s  a p r e c i s i o n  s i x - d e g r e e  - o f - f r e e d o m  d ig i t a l  p r o g r a m  s i m u -  
la t ing the  Surveyor  t e r m i n a l  phase  f r o m  v e r n i e r  ignit ion to touchdown. T h e  
p r o g r a m  a s s u m e s  r ig id  body d y n a m i c s ,  including s p a c e c r a f t  weight  and 
m o m e n t  of i n e r t i a  changes .  The  p r o g r a m  als3 m o d e l s  t he  s p a c e c r a f t  f l ight  
con t ro l  and r a d a r  s u b s y s t e m s .  The  f lex ib i l i ty  of the  d a t a  input i s  such  tha t  
pref l igh t  and  postfl ight r e c o n s t r u c t i o n s  of the  t e r m i n a l  p h a s e  can  be made .  
By ma tch ing  significant t i m e  e v e n t s  with t e l e m e t r y  d i s c r e t e  t i m e s ,  a f a i r l y  
a c c u r a t e  r econs t ruc t ion  of the  t e r m i n a l  p h a s e  t r a j e c t o r y  can  be  e s t ab l i shed  
by the  6DOF p r o g r a m  in the a b s e n c e  of g r o s s  s y s t e m  e r r o r s  o r  t e l e m e t r y  
e r r o r s  in spacec ra f t  Vx, Vy,,  and V z  ve loc i t i e s .  T h e  p r o g r a m  outputs  a r e  
veloci ty ,  posi t ion,  a c c e l e r a t i o n ,  a t t i tude ,  m o m e n t s ,  weight ,  i n e r t i a ,  a n g u l a r  
ve loc i ty ,  con t ro l  loop s t a t e s ,  engine  c o m m a n d s  and t h r u s t s ,  and r a d a r  s y s  - 
t e m  s t a t e s .  
p lo ts  (CALCOMP)  of any  combinat ion of v a r i a b l e s .  The  t a p e  can  a l s o  be s e t  
up  for input into the  POSTPR p r o g r a m .  

The p r o g r a m  a l s o  w r i t e s  a tape  that can  be  used f o r  m a c h i n e  

TD 1 

TD1 i s  a two-dimens iona l ,  t h r e e  - d e g r e e  -o f - f r eedom s imula t ion  of 
the  t e r m i n a l  phase of the  S u r v e y o r  mis s ion .  
d e t e r m i n e  the v e r n i e r  propel lan t  consumpt ion .  
u sed  to a l imi ted  extent  f o r  t e r m i n a l  d e s c e n t  t r a j e c t o r y  r e c o n s t r u c t i o n  s ince  
i t  i s  r e s t r i c t e d  to  a p l a n a r  c a s e .  However ,  the  p r o g r a m  m o d e l s  the s p a c e -  
c r a f t  to the  extent n e c e s s a r y  f o r  a c c u r a t e  p rope l l an t  consumpt ion  d e t e r  - 
minat ion ,  that  is, if no a p p a r e n t  deg rada t ion  a p p e a r s  in  the  v e r n i e r  engine 
p e r  f o r  man c e. 

The  m a i n  u s e  of TD1 is to  
The  p r o g r a m  can  a l s o  be 

T T C  

T T C  r e c o n s t r u c t s  the r e t r o  t h r u s t - t i m e  c u r v e  f r o m  r a w  a c c e l e r o m e -  
C o r r e c t i o n s  a r e  m a d e  t o  the  t e l e m e t r y  d a t a  by  r emov ing  t e r  t e l e m e t r y  data .  

b i a s ,  s c a l e  f ac to r ,  and h y s t e r e s i s  e r r o r s .  T h i s  r e c o n s t r u c t i o n  is  used  f o r  
c o m p a r i s o n  with the  D O P P  p r o g r a m  recons t ruc t ion .  

D O P P  

D O P P  r e c o n s t r u c t s  the m a i n  r e t r o  t h r u s t - t i m e  c u r v e  f r o m  the  s p a c e -  
c r a f t  t r a n s m i t t e r ' s  one  -way doppler  da ta .  
e spec ia l ly  a c c u r a t e  s ince  the  f r equency  of the s p a c e c r a f t  t r a n s m i t t e r  is  v e r y  
s tab le .  The  p r o g r a m  accoun t s  for  e r r o r s  in t roduced  by the  t r a n s m i t t e r ' s  
t e m p e r a t u r e  sens i t iv i ty  d r i f t ,  va r i a t ion  in  r e t r o  t h r u s t  v e c t o r  d i r ec t ion  
du r ing  r e t r o  burn ,  and f l ight  c o n t r o l  s e n s o r  def lect ion.  
u t i l i zed  f o r  de t e rmin ing  the  m a i n  r e t r o  spec i f ic  impu l se .  

T h i s  r e c o n s t r u c t i o n  technique  is  

The  p r o g r a m  is a l s o  
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5. 12. 4. 3 Veloci ty  Change Due to  Thrus t ing  Dur ing  R e t r o  P h a s e  

De te rmina t ion  of Ignition Condit ions 

Ignition ve loc i ty  Vo, f l ight  path angle  y ,  and r o l l  angle  s: s e r v e  a s  
' l ' h e  30 in i t i a l i za t ion  p a r a m e t e r s  and a r e  d e t e r n k c c !  frOi-1,  t r a c k i n g  data .  

u n c e r t a i n t y  in  f r e e  f l igh t  ve loc i t i e s  is S ince  ignit ion a l t i tude  h a s  
a ca l cu la t ed  3 0  i n a c c u r a c y  of 3570 fee t  due t o  m a r k i n g  r a n g e  e r r o r s  (with a 
V = 8500 f p s  and an inc idence  angle  with r e s p e c t  to loca l  v e r t i c a l  of 4 5  
d e g r e e s ) ,  the  equivalent  igni t ion veloci ty  unce r t a in ty  due  to  t h i s  e r r o r  s o u r c e  
is 

0. 5 fps.  

av = gt = 5 x = = 4.2  fps  8 500 

Hence ,  the  total unce r t a in ty  in  ignit ion ve loc i ty  i s  4. 2 f p s  when t h e s e  two 
independent  e r r o r  s o u r c e s  a r e  combined.. 
h a s  a n  unce r t a in ty  of < 0. 07 deg ree .  
condi t ions  a r e  

The  d i r ec t ion  of Vo a t  ignit ion 
T h e r e f o r e ,  the  bes t  es tymate  ignit ion 

V = 8484.84 f 4. 2 f p s  
0 

Yo - - - 44.95 f 0. 07 d e g r e e  

G r a v i t y  -Induced Component  of Velocity 

Dur ing  the  r e t r o  p h a s e  ( f r o m  v e r n i e r  ignit ion t o  s igna l  loss), grav i ty  
c o n t r i b u t e s  t o  the  s p a c e c r a f t  veloci ty  by an  amoun t  $g dt. 
va.ries ir, rr,agnitutie f i = o r n  5.27 i i j s e c 2  (at v e r n i e r  i g n i c o n )  t o  5. 3 3  f t / s e c 2  ( a t  
s t a r t  of RADVS). In addi t ion,  g v a r i e s  in d i r ec t ion  s ince  t h e  s p a c e c r a f t  h a s  
h o r i z o n t a l  motion. 
s i g n a l  loss )  is  about 

L u n a r  g r a v i t y  

The  change in d i rec t ion  of g o v e r  t he  r e t r o  phase  ( t o  - 

w h e r e  

t = r e t r o  t i m e  

Jr = veloc i ty  v e c t o r  inc ident  angle  

V = s p a c e c r a f t  veloci ty  

Rt = moon  c e n t e r e d  r a d i a l  d i s tance  
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S i n c e  the  vehicle  spends  m o r e  t i m e  at lower  a l t i t udes  than a t  h ighe r  ones ,  
the  a v e r a g e  value of g f o r  the  r e t r o  phase  wi l l  be c l o s e r  to  5. 33  f t / s e c 2 .  
The  t i m e  dura t ion  of the r e t r o  phase  i s  51. 0 s e c o n d s  ( s e e  T a b l e  5. 12-1) .  
Ac tua l  n u m e r i c a l  i n t eg ra t ion  of s g  dt  g ives  gt = 268. 7 f 1 fps. 

T h r u s t  -Induced Veloci ty  Change 

T h e  two me thods  used  to  ca l cu la t e  ve loc i ty  change  d u r i n g  the  r e t r o  
phase  due  to  the t h r u s t i n g  of the  eng ines  a r e  as fo l lows:  

1)  f r o m  v e c t o r  addition - T h e  v e c t o r  equat ion  ( F i g u r e  5. 12 -2a )  
- VBO = yo t gt-t hV can  be solved t o  find LA. 
avai lab le  as d i s c u s s e d  above;  t he  s p a c e c r a f t  aTis componen t s  of 
VBO ( the  ve loc i ty  a t  r e t r o  c a s e  e j e c t )  a r e  ava i l ab le  f r o m  c a l i -  
Grated t e l e m e t r y  data .  The a x i a l  ve loc i ty  V z  is known to a n  
e s t ima ted  a c c u r a c y  of be t t e r  than  1 p e r c e n t  a t  a given t i m e ,  
based on c o r r e l a t i o n  of s imula t ed  v e r s u s  a c t u a l  d i s c r e t e  t i m e  
even t s  such a s  the  1000-foot m a r k  and the  10- fps  m a r k .  Vx and 
V a t  r e t r o  c a s e  e j e c t  have  ca lcu la ted  u n c e r t a i n t i e s  of 1. 96 and 
1 .42  fps ,  r e spec t ive ly ,  based on 3 3  t e l e m e t r y  and RADVS s e n s o r  
e r r o r s .  At r e t r o  c a s e  e j e c t ,  t he  ve loc i ty  componen t s  a r e :  

Vo and @ a r e  

Y 

= - 3 3 . 7  * 2 . 0  f p s  
X 

vBO 

= 60. 8 f 0 . 6  f p s  
Z 

vBO 

Th i s  method wi l l  yield AV to  an  a c c u r a c y  of *5. 0 fps .  61, t he  
in-p lane  t h r u s t  mi sa l ignmen t  ang le  ( F i g u r e  5. 12 -2b)  be tween 
V and z, defined a s  pos i t ive  when z is  "above Vo" a s  shown, 
7 0  i s  known t o  be within *to. 02 d e g r e e  based  on u n c e r t a i n t i e s  in  
vBOx, which is  p r i m a r i l y  in-plane.  6 0 ,  t he  out-of -plane angle  
between t h e s e  two d i r e c t i o n s ,  is known t o  be within f0. 02 d e g r e e  
based on u n c e r t a i n t i e s  in V . bo is pos i t ive  when z h a s  a 
component  out of the  pape r .  T h i s  method y i e lds  AV a t  the s t a r t  of 
RADVS -control led descen t  of 

AV = 8619 f 5. 0 fps  

a lso,  

61 = - 0. 06 f 0. 02 d e g r e e  

bo = - 0. 291 f 0. 02 d e g r e e  
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V a l u e s  of the  o t h e r a n g l e s  in d e g r e e s  shown in F i g u r e  5. 12 -2c  
a r e  a s  fo l lows:  

? = 44. 06 

< = 29. 19 

c c =  17 

2 )  &V f r o m  d o p p l e r  d a t a  - T h e  t h r u s t - i n d u c e d  ve loc i ty  c h a n g e  of the  
s p a c e c r a f t  i s  d e t e r m i n e d  f r o m  t h e  s p a c e c r a f t  o n e  -way d o p p l e r  
d a t a  by t h e  D O P P  p r o g r a m .  T h e s e  d a t a  a r e  input  in to  D O P P  and  
a r e  c o r r e c t e d  f o r  t h e  t r a n s m i t t e r ' s  t e m p e r a t u r e  -dependent  f r e  - 
quency  d r i f t  wi th in  t h e  p r o g r a m .  T h i s  c o r r e c t i o n  is d e t e r m i n e d  
by c o m p a r i n g  pos t f l igh t  d o p p l e r  d a t a  p r i o r  t o  v e r n i e r  ign i t ion  
with a s i m u l a t e d  d e t e r m i n a t i o n  of t h e  e x p e c t e d  d o p p l e r  sh i f t  
s ince ,  a t  t h i s  p e r i o d  i n  the  f l igh t ,  the ac tua l  d o p p l e r  shift  i s  w e l l  
defined. 

T h e  bV d u r i n g  t h i s  p h a s e  is  found by d iv id ing  the  s u m  of the  
r a d i a l  ve loc i ty  change  a s  d e t e r m i n e d  f r o m  t h e  d o p p l e r  d a t a  a n d  
the g rav i ty - induced  ve loc i ty  c o m p o n e n t  in the  same r a d i a l  
d i r e c t i o n  by the  c o s i n e  of t h e  a n g l e  be tween  the t r a c k i n g  s t a t i o n -  
s p a c e c r a f t  l ine and  the  s p a c e c r a f t  t h r u s t  a x i s .  A c o r r e c t i o n  i s  
m a d e  to  the d o p p l e r  d a t a  to accoun t  f o r  the r a d i a l  ve loc i ty  
change ,  OVROT, due t o  the  e a r t h ' s  ro t a t ion .  T h e  t h r u s t - i n d u c e d  
ve loc i ty  change ,  AV, c a n  t h e r e f o r e  be d e t e r m i n e d  as  fo l lows :  

+ gt c o s  V - t  OVROT "DOPP av = - - c o s  5 

w h e r e  

AVDOpp = ve loc i ty  change  s e e n  by t r a c k i n g  s t a t ion  

7 = a n g l e  be tween t r a c k i n g  s t a t i o n - s p a c e c r a f t  
l ine  and  l u n a r  g r a v i t y  d i r e c t i o n  

T = ang le  be tween t r a c k i n g  s t a t ion  - s p a c e c r a f t  
l ine  and  t h r u s t  d i r e c t i o n  

T h e r e f o r e ,  

7270 -I- 257 t 4 = 8627 fps  
c o s  29. 19 av = 
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An u n c e r t a i n t y  e x i s t s  in  the a n g l e  of *O. 0 3  d e g r e e  due  t o  u n c e r  - 
t a i n t i e s  in  e1 and 60, t h e  t h r u s t  m i s a l i g n m e n t  a n g l e s .  A n  I - - - - - = ~ - '  u l r L ~ ~  Ldinty a i s o  
ex is t s  in  the  t e m p e r a t u r e - d e p e n d e n t  dopp le r  f r e q u e n c y  d r i f t  of *5 fps .  T h e  
a b o v e  u n c e r t a i n t i e s  r e s u l t  i n  a n  u n c e r t a i n t y  of *8 fps in AV. 

C o m p a r i s o n  of AVs and  R e t r o  P e r f o r m a n c e  Ir?.p!ications 

It  i s  i n t e r e s t i n g  t o  note  tha t  not on ly  do the  a b s o l u t e  m a g n i t u d e s  of 

T h e  d o p p l e r  d a t a  a r e  
AV c h e c k  s u r p r i s i n g l y  we l l ,  but, out of n e c e s s i t y ,  so d o e s  the  i n e r t i a l  t h r u s t -  
ing  d i r e c t i o n  a s  c o m p u t e d  f r o m  burnout  condi t ions .  
i n h e r e n t l y  o n e - d i m e n s i o n a l  and ,  to be u s e f u l  in comput ing  t h e  r e t r o  t h r u s t  
AV, t h e  a n g u l a r  i n f o r m a t i o n  suppl ied  by the  v e c t o r  addi t ion  me thod  of c o m -  
pu t ing  AV m u s t  be  a c c u r a t e .  T h u s ,  due  t o  t h e  g e o m e t r i c  r e l a t i o n  of the  
e a r t h  v e c t o r  and t r a j e c t o r y  p l a n e ,  a n  u n c e r t a i n t y  of 0. 1 d e g r e e  in t h e  i n -  
p l a n e  a n g l e  ( t i )  would c a u s e  a n  8. 0-fps v a r i a t i o n  in  the  t o t a l  AV a s  c o m p u t e d  
b y  d o p p l e r .  S ince  the  two AVs c h e c k  to  *8 f p s ,  t h i s  would g ive  added  c o n -  
f i d e n c e  in  t h e  t h r u s t i n g  d i r e c t i o n  computed  f r o m  the  t e l e m e t e r e d  and  c o r -  
r e c t e d  burnout  condi t ions .  

A s s u m i n g  a nomina l ly  p e r f o r m i n g  m a i n  r e t r o  and  v e r n i e r  s y s t e m ,  
t h e  m a i n  r e t r o  p h a s e  6V should have  been  8611  f p s  as  c o m p a r e d  t o  8623  f p s  
a c t u a l  ( a v e r a g e  of the two m e t h o d s ) .  
n o m i n a l  p e r f o r m i n g  v e r n i e r  s y s t e m  would h a v e  con t r ibu ted  208. 7 fps .  B a s e d  
o n  a r e t r o  p h a s e  t r a j e c t o r y  r e c o n s t r u c t i o n  by D O P P ,  t h e  n o m i n a l  v e r n i e r  
s y s t e m  would h a v e  c o n t r i b u t e d  214.6 f p s  due to  t h e  s l i gh t  i n c r e a s e  in  a c t u a l  
t i m e  f r o m  v e r n i e r  igni t ion t o  the  beginning of RADVS c o n t r o l  o v e r  p r e d i c t e d  
t i m e .  

Of the  n o m i n a l  8611 f p s  t o t a l  AV, a 

T h e  r e t r o  p e r f o r m a n c e ,  based  upon t h e  AV which i t  took  out ,  w a s  
v e r y  n e a r l y  nomina l .  
n o m i n a l  ( 6 T .  / T .  ) i s  g iven  b y  i m p  ~ m n  r 

T h e  s l igh t  i n c r e a s e  in a c t u a l  t o t a l  i m p u l s e  o v e r  

- 1 )  X 100 p e r c e n t  = 0. 07  p e r c e n t  8623 - 2 1 4 . 6  
8611 - 208. 7 

T h e  above  p e r c e n t  i n c r e a s e  in t o t a l  i m p u l s e  r e s u l t s  in  a r e t r o  s p e c i f i c  
i m p u l s e  of 289. 35 s e c o n d s  as c o m p a r e d  t o  the  n o m i n a l  p r e d i c t e d  v a l u e  of 
289.  56 seconds .  

5. 12. 4. 4 Main  R e t r o  T h r u s t  V e r s u s  T i m e  C u r v e  

T w o  independent  m e t h o d s  used  t o  c a l c u l a t e  the r e t r o ' s  t h r u s t  v e r s u s  
t i m e  c u r v e  a r e  as  fo l lows:  
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1 )  Thrus t / t ime  f r o m  r e t r o  acce le romete r  da ta  - Before being used 
to  calculate a thrus t  curve,  the r a w  acce le romete r  da ta  a r e  
given the following th ree  cor rec t ions :  

a )  B iases  are removed by comparing t e l eme te red  va lues  with 
known values  of accelerat ion which occur  a t  t i m e s  such as 
those p r i o r  to ve rn ie r  ignition ( z e r o  g), a f t e r  r e t r o  s e p a r a -  
tion M (0. 9 g),  etc. 

b )  A scale  factor  e r r o r  i s  removed. 
the unbiased acce le romete r  da ta  over  t ime  and compar ing  
the resul t ing in tegra l  with the r e t r o  phase AVs found by the 
other  two methods of computing AV descr ibed  above. The 
sca le  fac tor  is then the in tegra l  divided by the mean of the 
other  two AVs. The unbiased acce lera t ion  divided by th i s  
sca le  factor  is  then assumed f r e e  of b ias  and sca le  factor  
e r r o r s .  

Th i s  is  done by integrat ing 

c )  A hys te re s i s  e r r o r  i s  removed by actual ly  determining two 
biases:  
and the other  for  the falling par t .  

one f o r  the r is ing p a r t  of the acce lera t ion  curve,  

The bias  on each pa r t  of the curve  can be removed to an accu racy  
of 0. 1 g a n d  the accu racy  of the sca le  factor  i s  0. 1 percent .  

The cor rec ted  accelerat ion i s  then used in the equation 

ear th '  

which is  integrated numer ica l ly  to  obtain total  th rus t  (Wo is 
weight at  r e t r o  ignition). Vern ier  t h rus t  i s  then subtracted 
out to obtain the r e t r o  thrust .  

I S p  for  this  calculation is found f r o m  the relat ion below where 
W L  i s  the weight lost  f rom r e t r o  ignition to  burnout. 

AV 

0 
W I =  

SP 

wo - wL 
go 4J-l 

F igu re  5. 12 -3  shows the Surveyor  V th rus t - t ime  curve  as  
determined f r o m  acce le romete r  da ta ,  with the raw acce le rome  - 
ter  and co r rec t ed  acce le romete r  c u r v e s  a l so  shown. Since the 
reconstructed thrus t  - t ime curve  indicated a shor t e r  burn  t ime  
than the predicted (0.  3 5  second less between r e t r o  ignition and 
the 3 .  5-g point), the nominal predicted curve  w a s  f i r s t  modified 
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before  being plotted on  F i g u r e  5. 12 -3  in  o r d e r  to  give a b e t t e r  
compar i son  between r econs t ruc t ed  a.nd predicted t h r u s t  v e r s u s  
cime shapes .  
obtained by d e c r e a s i n g  the  t i m e  s c a l e  on the a c t u a l  p red ic t ed  
c u r v e  by a s c a l e  f a c t o r  to  m a t c h  up the  3. 5-g poin ts  and by 
sca l ing  up  the  t h r u s t  by a c o r r e s p o n d i n g  fitter so t ha t  tile t o t a i  
p red ic t ed  impu l se  would not be changed. 

T h r u s t / t i m e  f r o m  doppler  da t a  - F i g u r e  5. 12 -4  shows the  m a i n  
r e t r o  t h r u s t  c u r v e  a s  cons t ruc t ed  f r o m  doppler  counts  r ece ived  
a t  Goldstone. S ince  th i s  r e c o n s t r u c t i o n  showed the  s a m e  0. 35- 
second d e c r e a s e  to the 3. 5-g point a s  did the  a c c e l e r o m e t e r  
r e c o n s t r u c t e d  t h r u s t  curve ,  the a c t u a l  p red ic t ed  c u r v e  w a s  again 
c o m p r e s s e d  t o m a t c h  the 3. 5-g point  and r a i s e d  t o  p r e s e r v e  to ta l  
impu l se  be fo re  i t  w a s  plotted on F i g u r e  5. 12-4. 

The predic ted  c u r v e  plotted on F i g u r e  5. 12-3  w a s  

2 )  

To  cons t ruc t  the  cu rve ,  a r e t r o  p h a s e  s imula t ion  t r a j e c t o r y  p r o -  
g r a m  us ing  a nomina l  t h r u s t  c u r v e  c a l c u l a t e s  nomina l  r a d i a l  
ve loc i t i e s  r e l a t i v e  to the t r ack ing  s t a t ion  and c o n v e r t s  t h e s e  t o  
doppler  counts  that  the  s ta t ion would r e c e i v e  f r o m  a s t ab le  
s p a c e c r a f t  t r a n s m i t t e r  on a nomina l  t r a j e c t o r y .  

The  nominal  t h r u s t  c u r v e  is then  p e r t u r b e d  unt i l  the  doppler  
d a t a  f r o m  the  pe r tu rbed  c u r v e  a r e  a r b i t r a r i l y  c l o s e  t o  the  
doppler  da t a  ac tua l ly  rece ived .  F o r  e a c h  point cons ide red  on 
the  t h r u s t  c u r v e ,  a d i f fe rence  between a c t u a l  and p e r t u r b e d  
counts  o v e r  a 1-second i n t e r v a l  of two counts  (i.  e. , about 0 . 4  
f p s )  is  cons ide red  c lose  enough. In addi t ion,  the  s u m  of such  
d i f f e r e n c e s  is  cons t ra ined  to  be within 20 counts  (4. 3 fps) .  

Rad ia l  ve loc i ty  divided by the cos ine  of t h e  ~ n g ! c  Setweer1 the  
t r ack ing  s ta t ion  and the  t h r u s t  d i r ec t ion  (29.  19  f 0. 08 d e g r e e s )  
g ives  to t a l  veloci ty .  When gt c o s  is added ,  the  r e m a i n i n g  
ve loc i ty  d i f f e rences  a r e  e n t i r e l y  due  t o  th rus t ing  and give the  
t h r u s t  a c c e l e r a t i o n .  
t h r u  s t  le  ve 1. 

Mult ipl icat ion by the  m a s s  then  g ives  the  

C o m p a r i s o n  of Two Methods f o r  R e t r o  T h r u s t / T i m e  C u r v e  

Of the  two c u r v e s  shown in  F i g u r e s  5. 12-3  and 5. 12-4,  the doppler  
r e c o n s t r u c t e d  c u r v e  i s  much smoo the r .  
r e c o n s t r u c t e d  c u r v e  i s  due to a c c e l e r o m e t e r  s t r i c t i o n  which is v e r y  difficult  
t o  r e m o v e  f r o m  the  data .  Both r e c o n s t r u c t i o n s  a g r e e  c l o s e l y  with r e s p e c t  to  
the  nomina l  p red ic t ed  c u r v e .  
p r e d i c t e d  is  not subs t an t i a l  (gene ra l ly  l e s s  than  200 t o  300 pounds) .  
explained p rev ious ly ,  t h e  a c t u a l  t o t a l  impu l se  w a s  only 0. 07  p e r c e n t  above 
tLe p red ic t ed .  

The  r o u g h n e s s  in  the a c c e l e r o m e t e r  

The  max imum v a r i a t i o n  between ac tua l  and 
As 

T h e  m o s t  s ign i f icant  d i s c r e p a n c y  between the  a c t u a l  and p red ic t ed  
t h r u s t - t i m e  c u r v e  f o r  t h i s  f l ight  is the 0. 35-second d e c r e a s e  in the ac tua l  
bu rn  t i m e  s i n c e  a s l ight  va r i a t ion  in  burn  t i m e  c a u s e s  a s ignif icant  va r i a t ion  
in  burnout  a l t i tude.  
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Figure  5. 12-4. Main R e t r o  Thrus t  V e r s u s  T ime  (From Doppler  Data)  
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S i n c e  the  6DOF p r o g r a m  t r a j e c t o r y  r e c o n s t r u c t i o n  ind ica t ed  t h a t  t h e  
m a i n  r e t r o  igni ted at a l o w e r  a l t i t ude  than  p r e d i c t e d ,  i t  a p p e a r s  thzt t h e  
altitiide d i s p e r s i o n  c a u s e d  by the  0. 35 - second  d e c r e a s e  in b u r n  t i m e  w a s  
o f f s e t  by a lower  than  p r e d i c t e d  igni t ion a l t i t ude .  

Ma in  R e t r o  Tai loff  f r o m  Dopp le r  D a t a  

F i g u r e  5. 1 2 - 5  s h o w s  an e n l a r g e m e n t  of the t h r u s t  ta i loff  r e g i o n  of 
F i g u r e  5. 1 2 - 4  ( d o p p l e r  r e c o n s t r u c t i o n ) .  
f o r  t h e  S u r v e y o r  V f l igh t  s i n c e  the  r e t r o  c a s e  w a s  e j e c t e d  s o o n e r  than  n o r m a l .  
Had t h e  r e t r o  t h r u s t  been  too high a t  t h i s  t i m e ,  the  r e t r o  c a s e  could  h a v e  
m a d e  con tac t  with t h e  s p a c e c r a f t  i n s t ead  of d ropp ing  away. 

T h i s  r e g i o n  w a s  of s p e c i a l  i n t e r e s t  

A f t e r  r e m o v i n g  t h e  t e m p e r a t u r e  -dependent  f r e q u e n c y  d r i f t  f r o m  the  
d o p p l e r  d a t a ,  the  r e m a i n i n g  n o i s e  l e v e l  i n  the  ta i loff  r e g i o n  is wi th in  *3 
d o p p l e r  c o u n t s  on e a c h  1 - second  d a t a  point.  T h i s  g i v e s  a p o s s i b l e  r a d i a l  
a c c e l e r a t i o n  e r r o r  a s  m e a s u r e d  by the  e a r t h  t r a c k i n g  s t a t ion  of *O. 6 5 f t / s e c  
o r  0. 7 5  f t / s e c 2  a long  the  s p a c e c r a f t  t h r u s t i n g  d i r e c t i o n .  
mass  of abou t  26 s l u g s  a t  t h i s  point ,  t he  p o s s i b l e  e r r o r  in d o p p l e r  r e c o n -  
s t r u c t e d  t h r u s t - t i m e  c u r v e  in t h i s  r e g i o n  is g iven  by AT = (*O. 7 5 ) ( 2 6 )  = *20 
pounds .  
200  pounds .  

2 

With a s p a c e c r a f t  

T h i s  is the  p o s s i b l e  e r r o r  a f t e r  t he  r e t r o  t h r u s t  h a s  d r o p p e d  below 
T h e  p o s s i b l e  e r r o r  for  h i g h e r  t h r u s t  v a l u e s  is l a r g e r .  

5. 12. 4. 4 B e s t  E s t i m a t e  R e c o n s t r u c t i o n  S u m r n a r v  

T h e  6DOF t r a j e c t o r y  r e c o n s t r u c t i o n  and t h e  D O P P  r e t r o  t h r u s t  - t i m e  
r e c o n s t r u c t i o n  in  conjunct ion  with the c a l i b r a t e d  t e l e m e t r y  d a t a  ind ica t ed  
s e v e r a l  d i f f e r e n c e s  f rom t h o s e  p r e d i c t e d .  F r o m  T a b l e  5. 12-2,  t he  r e t r o  
bu rn  t i m e  is  0. 346 s e c o n d  l e s s  than  p r e d i c t e d .  T h i s  would r e s u l t  i n  a p p r o x i -  
m a t e l y  1400 f e e t  h i g h e r  b u r n o u t  a l t i t ude  than  p r e d i c t e d ;  h o w e v e r ,  t h e  b e s t  
e s t i m a t e  of burnout  a l t i t u d e  is  a p p r o x i m a t e l y  458 f e e t  lower-  T h i s  cziz b e  
e;;plaiiied i r v m  two  cond i t ions  ind ica ted  by  t h e  pos t f l igh t  a n a l y s i s .  First, 
the  l a r g e  ou t  -of -plane m i s a l i g n m e n t  of t h e  r e t r o  t h r u s t  v e c t o r  would r e s u l t  
i n  a l o w e r  bu rnou t  a l t i tude .  T h i s i s  a l s o  the  r e a s o n  f o r  the d i f f e r e n c e s  
be tween  b e s t  e s t i m a t e  and  p r e d i c t e d  v a l u e s  of v e l o c i t y  and  f l i gh t -pa th  a n g l e  
at bu rnou t .  T h e  o t h e r  condi t ion tha t  would c a u s e  a l o w e r  bu rnou t  a l t i t ude  
is the  v e r n i e r  igni t ion a l t i t ude  be ing  2560 f e e t  l ower  t h a n  p r e d i c t e d .  

S i n c e  the  b e s t  e s t i m a t e s  of ve loc i ty ,  f l i gh t -pa th  ang le ,  and  s p a c e c r a f t  
a t t i t u d e  a t  v e r n i e r  igni t ion a r e  t h e  s a m e  a s  p r e d i c t e d ,  and t h e  in -p lane  r e t r o  
t h r u s t  v e c t o r  m i s a l i g n m e n t  is e s s e n t i a l l y  z e r o ,  t he  d i f f e r e n c e s  in  the  ign i t ion  
a l t i t u d e  a r e  t h e r e f o r e  p r i m a r i l y  due t o  e r r o r s  i n  the  AMR. T h i s  d i f f e r e n c e  
is  wi th in  t h e  3 3  AMR u n c e r t a i n t y  (3570 f e e t )  i n  a l t i t ude  ( see  s u b s e c t i o n  
5. 12 .4 .  3 ) .  

T h e  pos t f l igh t  a n a l y s i s  ind ica ted  a 9 - s e c o n d  d u r a t i o n  f r o m  the  r e t r o  
3. 5 -g  point  t o  the r e t r o  c a s e  e j e c t  s ignal .  T h i s  t i m e  is a p p r o x i m a t e l y  1 s e c -  
ond l o n g e r  t h a n  des igned  f o r  by  t h e  backup  c o m m a n d  t a p e  o v e r r i d e .  P a r t  of 
t h i s  t i m e  is a t t r i b u t e d  t o  t h e  r educ t ion  of 0. 346 second  in  the  p r e d i c t e d  r e t r o  
b u r n  t i m e .  T h e  o t h e r  r e m a i n i n g  0 .6  second  is p r o b a b l y  a t t r i b u t e d  to  t h e  
in i t i a l i za t ion  of t he  c o m m a n d  t a p e .  The AMR b a c k u p  c o m m a n d  w a s  the f i r s t  
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F i g u r e  5. 12-5. Main R c t r u  'railoff VersuN '1'ir:ic (k'rorri Doppler Data) 
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c o m m a n d  s e n t  to the  s p a c e c r a f t  by  the  c o m m a n d  tape.  

0. 6 - s e c o n d  d e l a y  in send ing  the  backup c o m m a n d  tape. 

The nex t  c o m m a n d  
a - f icc:LlA on the tripe x.X.'as the re t ro  c a e  e j e c t ;  theref=re,  t hc rc  ...'-, y" Y Y I Id IC 

T h e  1000-foot  m a r k  w a s  p red ic t ed  t o  o c c u r  a f t e r  s e g m e n t  acqu i s i t i on ;  
hc.&re."r21, the I;Gstf!;ght ar,a:jis;s i n d i c a t e d  the revei-se. Tii;s i-esu:tec: fi-ol-l-, 
t h e  l o w e r  burnout  condi t ions  of a l t i tude  and ve loc i ty .  

6 D O F  S imula t ion  of DopDler D a t a  

T h e  6 D O F  d e t e r m i n a t i o n  of the  r a d i a l  ve loc i ty  change  ( v e l o c i t y  
c h a n g e  in  t he  d i r e c t i o n  of t he  e a r t h  t r a c k i n g  s t a t i o n - s p a c e c r a f t  l i n e ) ,  as  
c o m p a r e d  t o  t h e  d o p p l e r  d a t a  r e c o n s t r u c t i o n  of t he  r a d i a l  v e l o c i t y  change  
for  t h e  r e t r o  and  v e r n i e r  p h a s e s ,  is shown in  F i g u r e s  5. 12-6  and 5. 12 -7 .  
F i g u r e  5. 12 -6  shows  a n  a l m o s t  i den t i ca l  m a t c h  f r o m  v e r n i e r  igni t ion t o  t h e  
s t a r t  of RADVS-con t ro l l ed  d e s c e n t .  S i n c e  t h e  a c t u a l  d o p p l e r  d a t a  is a 
h ighly  a c c u r a t e  m e a s u r e m e n t  of the r a d i a l  v e l o c i t y  c h a n g e ,  t h i s  c l o s e  m a t c h  
i n c r e a s e s  the  conf idence  i n  t h e  6DOF r e c o n s t r u c t i o n  d u r i n g  t h i s  po r t ion  of 
t e r m i n a l  d e s c e n t .  

An e x c e l l e n t  m a t c h  be tween t h e  6 D O F  d o p p l e r  s i m u l a t i o n  and the  
a c t u a l  d o p p l e r  d a t a  w a s  a l s o  obtained d u r i n g  the  v e r n i e r  p h a s e  ( F i g u r e  
5. 12 -7 ) .  T h e  c l o s e  m a t c h  of k e y  even t s ,  s u c h  as  the  s t a r t  of RADVS c o n t r o l ,  
s e g m e n t  i n t e r c e p t ,  t h e  c o n s t a n t  ve loc i ty  p h a s e ,  and touchdown,  c a n  e a s i l y  
be seen .  
a c t u a l  d o p p l e r  d a t a  is  g e n e r a l l y  l e s s  t han  2 f p s  d u r i n g  t h i s  phase .  

T h e  d i s c r e p a n c y  be tween the  6DOF d o p p l e r  s i m u l a t i o n  and  the  

5. 12. 4. 5 V e r n i e r  P r o p e l l a n t  Consumpt ion  

A s  p r e v i o u s l y  s t a t ed ,  the v e r n i e r  p r o p e l l a n t  c o n s u m p t i o n  d e t e r  - 
m i n a t i o n  is  b a s e d  on f l i g h t  a c c e p t a ~ c c  t e s t  data of specif ic  i n p u l s e  and 
m i x t u r e  r a t i o  as  a func t ion  of t h r u s t  u n d e r  n o m i n a l  e x p e c t e d  h e l i u m  p r e s s u r e  
and  t e m p e r a t u r e  c h a r a c t e r i s t i c s .  
ca t ion  f r o m  the  t e l e m e t r y  d a t a  of v e r n i e r  eng ine  d e g r a d a t i o n ,  t he  a c t u a l  
v e r n i e r  p e r f o r m a n c e  b e c o m e s  i n d e t e r m i n a t e  in  the  s e n s e  of a c c u r a t e  d e t e r  - 
m i n a t i o n  of p r o p e l l a n t  consumpt ion .  

With t h e  h e l i u m  l o s s  and  the de f in i t e  i n d i -  

T a b l e  5. 1 2 - 4  p r e s e n t s  a tabula t ion  of t h e  p r o p e l l a n t  consumpt ion .  
T h e  m o d e l  u s e d  ( T D 1 )  f o r  the  s i x  m i d c o u r s e  m a n e u v e r s  and  the  r e t r o  p h a s e  
a s s u m e d  n o m i n a l  v e r n i e r  engine  c h a r a c t e r i s t i c s .  

F o r  the  v e r n i e r  p h a s e  por t ion ,  t he  p r o p e l l a n t  c o n s u m p t i o n  w a s  d e t e r  - 
m i n e d  f r o m  the  b e s t  -fi t  6DOF p r o g r a m  r e c o n s t r u c t i o n .  
a l s o  u t i l i zed  t h e  f l ight  a c c e p t a n c e  t e s t  d a t a ;  h o w e v e r ,  t h e  v e r n i e r  eng ine  
m o d e l  w a s  mod i f i ed  in  o r d e r  to m a t c h  t h e  d e g r a d a t i o n  as impl i ed  by  the  
t e l e m e t r y  d a t a  ( d e s c r i b e d  in d e t a i l  in s u b s e c t i o n  5. 12. 4. 7). 

T h e  6 D O F  p r o g r a m  

T h e  p r o p e l l a n t  consumpt ion  of e a c h  m i d c o u r  se m a n e u v e r  w a s  b a s e d  
o n  pos t f l i gh t  d e t e r m i n a t i o n  of b u r n  t i m e  a n d  p re f l igh t  d a t a  of e n g i n e  t h r u s t  
f o r  t h e  m i d c o u r s e  m a n e u v e r .  T h e  r e t r o  p h a s e  p r o p e l l a n t  c o n s u m p t i o n  w a s  
based  on p r e m i s s i o n  c o m p u t a t i o n s  of v e r n i e r  t h r u s t  levels of 152. 2 pounds  
d u r i n g  r e t r o  b u r n  and 268  pounds  dur ing  r e t r o  s e p a r a t i o n .  
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E'igurc 5 .  12-7 .  Radial Vulocity Change - Vernier Phaec 
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5. 12. 4. 6 S p a c e c r a f t  Landing  Locat ion  

T h e  o r i g i n a l  t a r g e t e d  landing site for S u r v e y o r  V w a s  0. 916"N la t i tude  
and  24. 083" E longi tude.  T h e  computed  m i d c o u r  se to e n a b l e  the  s p a c e c r a f t  
to  land  a t  t he  d e s i r e d  landing  s i t e  w a s  14. 01  m / s e c .  H o w e v e r ,  a f t e r  the  
p r i m a r y  m i d c o u r s e  c o r r e c t i o n ,  a s e r i e s  of m i d c o u r s e  m a n e u v e r s  w a s  p e r  - 
f o r m e d  in  a n  a t t e m p t  t o  c o r r e c t  t he  ma l func t ion  within t h e  h e l i u m  r e g u l a t o r .  
A s  a r e s u l t ,  t he  s p a c e c r a f t  t r a j e c t o r y  w a s  a l t e r e d  f r o m  the  d e s i r e d  d i r ec t ion .  
A f i n a l  m i d c o u r s e  c o r r e c t i o n  ( s i x t h )  w a s  p e r f o r m e d  in  a n  a t t e m p t  to  c o r r e c t  
t he  t r a j e c t o r y  t o  the  d e s i r e d  landing loca t ion .  

T h e  f i n a l  landing  s i t e ,  based on  the  o r b i t  d e t e r m i n a t i o n  pos t f l igh t  
a n a l y s i s  d a t a ,  w a s  computed  t o  be at 1. 50"N l a t i t ude  and  23. 1 9 " E  longi tude.  
T h e  f i n a l  computed  landing  s i t e  i s  a p p r o x i m a t e l y  3 0  k m  f r o m  t h e  o r i g i n a l  
t a r g e t e d  point.  T h e  1 3  e r r o r  e l l i p se  abou t  t he  computed  landing  loca t ion  i s  
2. 3 k m  s e m i - m a j o r  axis and  0. 9 km s e m i - m i n o r  axis, with the  m a j o r  a x i s  
in  a p p r o x i m a t e l y  a n o r t h  - south  o r i en ta t ion .  

5. 12. 4. 7 T r a j e c t o r y  R e c o n s t r u c t i o n  

T h i s  s u b s e c t i o n  d i s c u s s e s  the r e c o n s t r u c t i o n  of t h e  v e r n i e r  p h a s e  of 
t he  t e r m i n a l  d e s c e n t  t r a j e c t o r y  f r o m  t h e  6 D O F  p r o g r a m  t o  p r o v i d e  a b e s t  
e s t i m a t e  of t h e  a c t u a l  t r a j e c t o r y  p a r a m e t e r s .  T h e  D O P P  p r o g r a m  r e c o n  - 
s t r u c t j o n  of the  r e t r o  t h r u s t - t i m e  c u r v e  w a s  input  i n to  t h e  6 D O F  p r o g r a m .  
T h e  D O P P  r e c o n s t r u c t e d  r e t r o  b u r n  t i m e  ( f r o m  r e t r o  ign i t ion  t o  the  3.  5-g 
po in t )  w a s  38. 934  wh ich  is the  s a m e  t i m e  d u r a t i o n  as  ind ica t ed  by t e l e m e t r y  
d a t a  ( s e e  T a b l e  5. 12 -1 ) .  
f r o m  p r e f l i g h t  a s s e s s m e n t  w e r e  input t o  the  6 D O F  p r o g r a m ,  In i t i a l  c o n -  
d i t i o n s  a t  v e r n i e r  ign i t ion  of veloci ty ,  a l t i t ude ,  a n d  r e t r o  t h r u s t  v e c t o r  bias, 
as d e t e r m i n e d  f r o m  o r b i t  d e t e r m i n a t i o n  pos t f l igh t  d a t a ,  w e r e  p e r t u r b e d  
un t i l  t h e  r e t r o  c a s e  e j e c t  condi t ions  of v e l o c i t y  co inc ided  wi th  the  c a l i b r a t e d  
t e l e m e t r y  d a t a  v a l u e s  ind ica t ed  in  p a r a g r a p h  5. 12. 4. 1. 
t i o n s  had  to  be m a d e  t o  the  ign i t ion  a l t i t ude  to  a r r ive  a t  t h e  t e l e m e t r y  d i s c r e t e  
t i m e  e v e n t s  of the  1000-foot  m a r k  and the  d e s c e n t  s e g m e n t  acqu i s i t i on .  With 
t h e s e  cond i t ions  m a t c h e d ,  the  6DOF r e c o n s t r u c t i o n  f r o m  v e r n i e r  ign i t ion  to 
s e g m e n t  a c q u i s i t i o n  a g r e e d  v e r y  wel l  with pos t f l igh t  a n a l y s i s  of t he  t e l e m e t r y  
d a t a .  H o w e v e r ,  with the  a s s u m p t i o n  of n o m i n a l  s u b s y s t e m  p e r f o r m a n c e  
wi th in  the  6 D O F  p r o g r a m ,  t h e  t r a j e c t o r y  f r o m  s e g m e n t  acqu i s i t i on  t o  t o u c h -  
down did not  a g r e e .  F r o m  r e v i e w  of t h e  t e l e m e t r y  da t a ,  the v e r n i e r  eng ine  
s u b s y s t e m  p e r f o r m a n c e  w a s  d e g r a d e d  f r o m  n o m i n a l  due  t o  the  h e l i u m  r e g u -  
l a t o r  ma l func t ion .  T h e  v e r n i e r  engine m o d e l  wi th in  t h e  6 D O F  p r o g r a m  w a s  
t h e r e f o r e  mod i f i ed  in  a m a n n e r  so ind ica ted  b y  the  t e l e m e t r y  da t a .  

T h e  nominal  S u r v e y o r  V s u b s y s t e m  p a r a m e t e r s  

F u r t h e r  p e r t u r b a -  

F i g u r e  5. 12-12  of t h e  v e r n i e r  eng ine  t e l e m e t e r e d  t h r u s t  c o m m a n d s  
s h o w s  t h a t  engine  1 did not  a c h i e v e  its r e q u i r e d  t h r u s t  l e v e l  of a p p r o x i m a t e l y  
8 7  pounds  a l o n g  both the  t h i r d  and  fou r th  d e s c e n t  l i ne  s e g m e n t .  T h i s  is 
ind ica t ed  by  the  t e l e m e t e r e d  t h r u s t  c o m m a n d  of e n g i n e  1 being s a t u r a t e d  a t  
117 pounds ,  whi le  e n g i n e s  2 and  3 o s c i l l a t e d  t o  t a k e  ou t  the  induced  a t t i t ude  
e r r o r .  A l so ,  the t e l e m e t e r e d  s t r a i n  gage  d a t a  ( F i g u r e  5. 12-13) ,  a l though not 
c o n s i d e r e d  a c c u r a t e  f o r  i nd ica t ing  t h r u s t  m a g n i t u d e s ,  i m p l i e s  t h a t  e n g i n e  1 ' s  
m a x i m u m  t h r u s t  l e v e l  w a s  d imin i sh ing  a long  s e g m e n t  4 d u r i n g  t h e  s a t u r a t e d  
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command  per iod ,  a s  indicated in F i g u r e  5. 12-13a. 
a r e l a t i v e  change in  m a x i m u m  t h r u s t  l e v e l  of engine  1 of a p p r o x i m a t e l y  5 
pounds.  
s egmen t  4 ,  but not a s  s e v e r e  a s  in  engine 1. 

This  f i g u r e  shows  

F i g u r e  5. 12-13 a l s o  shows a degrada t ion  in  eng ines  2 and 3 along 

With these  da ta ,  the v e r n i e r  engine m o d e l  within the  6DOF p r o g r a m  
w a s  modified in the following m a n n e r :  1 )  engine  1 's  m a x i m u m  t h r u s t  c a p a -  
b i l i t y  a long  segment  3 w a s  l imi t ed  t o  86 pounds,  while  eng ines  2 and 3 w e r e  
not l imi ted .  A l l  engine t h r u s t  c o m m a n d s  w e r e  l imi t ed  t o  1 1 7  pounds m a x i -  
m u m .  2 )Eng ine  1 ' s  m a x i m u m  t h r u s t  w a s  l imi ted  t o  8 5  pounds a long  s e g m e n t  
4, and t h i s  l imit  w a s  d iminished  5 pounds l i n e a r l y  with t i m e  a s  ind ica ted  by 
the  s t r a i n  gage data .  E n g i n e s  2 a n d  3 w e r e  a l s o  l imi t ed  in the  s a m e  fash ion .  
3 )  All  t h r e e  engine r e s p o n s e s  t o  t h e i r  t h r u s t  c o m m a n d s  w e r e  d e g r a d e d  f r o m  
2 t o  5 pe rcen t  a s  a function of t ime .  A l so ,  the  t e l e m e t r y  d i s c r e t e s  of the  
10 - fps  m a r k  and the  14-foot m a r k  r e s u l t e d  in  p e r t u r b i n g  the  n o m i n a l  v a l u e s  
within the 6DOF p r o g r a m .  The  f ina l  r e c o n s t r u c t i o n  by the  6DOF p r o g r a m  
c o m p a r e d  f avorab ly  with t e l e m e t r y  da t a ,  as  ind ica ted  by Tab le  5. 12-3,  and 
the  c l o s e  c o r r e l a t i o n  between s ignif icant  s u b s y s t e m  p a r a m e t e r s  is ind ica ted  
by  the  POSTPR machine  p lo ts  i n  F i g u r e s  5. 1 2 - 8  through 5. 12. 14. 

T h e  above modif icat ion to  the engine  m o d e l  d o e s  not i m p l y  tha t  t h e s e  
What t hey  do  ind ica te  is  tha t  t he  eng ines  w e r e  condi t ions  actual ly  happened.  

p robab ly  degraded  i n  a s i m i l a r ,  but not n e c e s s a r i l y  the s a m e ,  m a n n e r .  

POSTPR P r o g r a m  P l o t s  

F i g u r e s  5. 12-8  through 5. 12-14 a r e  p lo t s  of i m p o r t a n t  p a r a m e t e r s  
f o r  t r a j e c t o r y  r econs t ruc t ion .  
lines) and the b e s t - f i t  6 D O F  t r a j e c t o r y  (dashed  l i n e s )  a r e  s u p e r i m p o s e d  on  
the  plots.  
v e r n i e r  ignit ion (254:00:44:51. 4 GMT). 
254:00:46:44. 4 G M T  c o r r e s p o n d s  to 113 s e c o n d s  on  the t i m e  sca le .  A f t e r  
113 seconds ,  the  magni tude  changes  on the P R E P R O  c u r v e s  a r e  the  d i r e c t  
r e s u l t  of s p a c e c r a f t  touchdown. The P R E P R O  c u r v e s  a r e  p lo t s  of i n t e r -  
polated t e l e m e t r y  data  i n  e q u a l  t i m e  i n t e r v a l s  of 1. 2 s e c o n d s  des igned  to 
co inc ide  with the 6 D O F  in t e rva l s .  
the t e l e m e t r y  da ta  wi l l  not be  plotted o n  the P R E P R O  curves .  

The p r o c e s s e d  da ta  f r o m  P R E P R O  (so l id  

The t i m e  s c a l e  s t a r t s  a t  0. 0 second,  which c o r r e s p o n d s  to 
The s p a c e c r a f t  touchdown a t  

T h e r e f o r e ,  p a r t  of the t r a n s i e n t s  within 

The low t r a n s m i s s i o n  s igna l  l e v e l  r ece ived  a t  DSS-11 dur ing  the  
t e r m i n a l  descen t  p e r i o d s ,  f r o m  254:00:45:46.7 to  254:00:45:50. 3 and  f r o m  
254:00:45:52.7 to 254:00:46:03. 5 GMT,  r e s u l t e d  i n  e x c e s s i v e  p a r i t y  
e r r o r  i n  the  t e l e m e t r y  da ta  during t h e s e  p e r i o d s  along with to t a l  l o s s  of data.  
As ide  f r o m  the l o s s  of da ta ,  the  Hughes r e f o r m a t t i n g  p r o g r a m  ( R F M )  that  
p r o c e s s e d  the t e l e m e t r y  da ta  r e j e c t e d  t e l e m e t r y  word  frames which  a r e  
un re l i ab le  due t o  e x c e s s i v e  p a r i t y  e r r o r .  
the R F M  p r o g r a m ,  which i s  u s e d  as  input  to the  P R E P R O  p r o g r a m ,  d i d  not 
contain t e l e m e t r y  da ta  du r ing  the above  per iods .  Accord ingly ,  the  P O S T P R  
p lo t s  wil l  be  e r r o n e o u s  during t h e s e  p e r i o d s  a n d ,  i n  g e n e r a l ,  wi l l  plot  in  a 
s t r a i g h t  l i ne  between the  ava i l ab le  da ta  points.  The above  G M T  p e r i o d s  f o r  
which da ta  a r e  not  ava i l ab le  c o r r e s p o n d s  to 55. 3 to 58. 9 and 61. 3 to 72. 1 
s e c o n d s  o n  the t i m e  s c a l e  of F i g u r e s  5. 12 -8  th rough  5. 12-14. 

T h e r e f o r e ,  the output  tape  from 
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U. LO. 00. m. I so. 0. 

F i g u r e  5. 12-8. Slant R a n g e  
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a) X-ax i s  

b) Y-axis 

F i g u r e  5. 12-9. 

c )  Z - a x i s  

Spacecraft Veloc i ty  
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b) Y-Gyro  

F i g u r e  5. 12-10. Gyro  E r r o r  Signal 
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a) Pitch 

b) Yaw 

Figure 5. 12-11. Spacecraft Precess ion  Commands 
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F i g u r e  5. 12-12. Vernier Engine  T h r u s t  C o m m a n d s  
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a) Engine 1 

b) Engine 2 

F igure  5. 12-13.  Telemetry Engine Strain Gage Data and 6DOF 
Engine Thrust  Level Versus  Time 

c) Engine 3 
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F i g u r e  5. 12 -  14. T e l e m e t r y  Retro A c c e l e r o m e t e r  Data and 6DOF 
Z-Axis Accelerat ion V e r s u s  T i m e  
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Table 5. 12-3 gives the t ime o c c u r r e n c e s  of per t inent  events  a s  
recons t ruc ted  by the 6DOF program.  
to the ac tua l  GMT as  listed i n  the table. 

The P R E P R O  curves  a r e  re ferenced  

Figure 5. 12-8 shows s lant  range as  a function of time. The osci l la t ion 
in  the te lemetry data f r o m  2 to 30 seconds  i s  a r e su l t  of the t r a c k e r  sweep 
limit. At approximately 33. 5 seconds,  RORA occurred .  The spike a t  50 
seconds is  due to l o s s  of RORA. 

Figures  5. 12-9a and 5. 12-9b show a n  a l m o s t  ident ical  Vx and Vy 
reconstruct ion between the 6DOF and t e l eme t ry  data. 
Table 5. 12-3, s t a r t  of RADVS-controlled descent  o c c u r r e d  a t  51 seconds.  
It took approximately 40 seconds to s t e e r  out the V, and V components of Y velocity developed by the r e t r o  burn  phase. 
ve rn ie r  ignition, the RADVS is turned on, resul t ing in  the sp ikes  i n  the V, 
and Vy plots. 
and f r o m  60 to 72 seconds a r e  due to the data outage a s  descr ibed  ea r l i e r .  

As indicated i n  

Approximately 2 seconds  a f t e r  

The s t ra ight  l ines  in the t e l eme t ry  plots f r o m  55 to 60 seconds  

Figure 5. 1 2 - 9 ~  indicates  a difference between the t e l e m e t r y  data 
and the 6 D O F f r o m  30 to 37 seconds. 
l eve l  of 800 fps. 

This i s  due to the t e l eme t ry  saturat ion 

F igures  5. 1 2 - l o a  and 5. 12 - lob  show both t e l eme t ry  g y r o  e r r o r  
s ignals  to be  biased about -0. 45 degree  beyond that determined by p r e -  
flight calibration. The 6DOF curve  is opposite i n  direct ion to the t e l eme t ry  
curve due to the sign convention assoc ia ted  with the gyro  e r r o r  in  the 6DOF 
program.  The change in  the e r r o r  signal a t  40 seconds  (the 3 .  5-g point)  i s  
caused by the reduction in  r e t r o  moment  due to the reduced r e t r o  thrust .  
The spikes at 5 4  seconds a r e  a r e su l t  of the reacquir ing of radar beam 
three.  
loop. 
the induced attitude e r r o r s  introduced by the degraded ve rn ie r  engine sys tem.  

The spikes a t  88 seconds a r e  a r e su l t  of the gain change in  the s teer ing  
The oscil lations in  the cu rves  f rom 90 to 106 seconds a r e  a r e s u l t  of 

Figure 5. 12-11 shows the pitch and yaw p recess ion  commands. The 
t e l eme t ry  curve shows a b ias  of 0. 3 deg / sec  beyond that determined by p r e -  
flight calibration. Compensating for  this  b ias ,  both cu rves  compare  f avor -  
ably with the reduction of the V, and Vy components of velocity during the 
minimum accelerat ion phase. F r o m  F igure  5. 1 2 - l l a ,  i t  can be seen that 
the pitch precess ion  command saturates .  This i s  due to the l a rge  appa ren t  
y-velocity component caused by r a d a r  beam los s  of lock. After  the b e a m  
reacqui red  lock at approximately 54 seconds,  the command came  out of 
saturat ion,  since the t rue  y-velocity component was of a magnitude not to 
r e s u l t  in  a saturated command. The 6DOF p r o g r a m  a s s u m e d  a pitch and 
yaw ra t e  limit of 6. 0 deg/sec .  

F igure  5. 12-12 shows the ve rn ie r  engine th rus t  commands.  The 
roughness  in  the te lemet ry  data is  due to RADVS noise. 
a r e  smooth since the RADVS noise  w a s  not simulated.  The premiss ion  
computations of to ta l  v e r n i e r  engine thrus t  during r e t r o  burn  is 152. 2 pounds. 

The 6DOF c u r v e s  
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The ~ D O F  p r o g r a m  a s s u m e d  this level and i s  so indicated by the s u m  of the 
t h r e e  engine commands ;  however,  the s u m  of the te lemetered  commands  i s  
approximate ly  156 pounds, a 4-pound difference between 6DOF and te lemetry.  
Also, during the m i n i m u m  acce lera t ion  phase,  the total  v e r n i e r  engine t h r u s t  
should be approximately 105 pounds, based on preflight determinat ion of the 
m i n i m u m  acce lera t ion  (4. 79 f t / sec2) .  The t e l e m e t r y  total  of v e r n i e r  engine 
t h r u s t  commands  during this  phase is  approximate ly  9 5  pounds, 10 pounds 
l e s s  than expected. 
b u r n  phase  a n d  the minimum acce lera t ion  phase impl ies  a b i a s  a n d  s c a l e  
fac tor  e r r o r  in the cal ibrated te lemet ry  data. 

The differences of 4 and 10 pounds during the r e t r o  

The t h r e e  different t h r u s t  commands of each  engine during the r e t r o  
b u r n  phase  a r e  due to the moment  introduced by the r e t r o  t h r u s t  to s p a c e -  
c r a f t  c e n t e r  of grav i ty  offset. 
t ions of s p a c e c r a f t  c e n t e r  of gravi ty  a n d  r e t r o  t h r u s t  vector  location. 

The 6DOF p r o g r a m  a s s u m e d  preflight calcula-  

The degradation i n  the vern ier  engine p e r f o r m a n c e  a s  d iscussed  
previous ly  i s  shown c l e a r l y  i n  these f i g u r e s  ( f r o m  90 to 106 seconds).  The 
c l o s e  s i m i l a r i t y  between the 6DOF and t e l e m e t r y  data during this period 
i m p l i e s  a degradation in a m a n n e r  s i m i l a r  to that modeled within the 6DOF 
program.  

F i g u r e  5. 12-13 shows the 6DOF engine t h r u s t  levels  super imposed  
with the p r o c e s s e d  v e r n i e r  engine s t ra in  gage d a t a .  
gage data  a r e  not a n  a c c u r a t e  source of indicating the a c t u a l  engine t h r u s t  
magnitude, they a r e  sui table  for  indicating the engine t h r u s t  var ia t ion 
c h a r a c t e r i s t i c s .  The t e l e m e t r y  data have a l m o s t  the s a m e  c h a r a c t e r i s t i c  
changes  i n  t h r u s t  a s  does the 6DOF program.  This c lose  c o r r e l a t i o n  
f u r t h e r  subs tan t ia tes  the a s s u m e d  degradation within the 6DOF p r o g r a m .  
The rapid change i n  s lope of the te lemet ry  d a t a  between 2 and 40 seconds  i s  
caused  by the r e t r o  thrust .  

Although the s t r a i n  

F i g u r e  5. 12- 14  c o m p a r e s  the r e t r o  a c c e l e r o m e t e r  t e l e m e t r y  data 
with the 6DOF Z-axis  accelerat ion.  
b iased  by 10 f t /sec2.  
10 f t / s e c z  b i a s )  o c c u r s  a t  37 seconds, which c o m p a r e s  with the s t r a i n  gage 
data  of F i g u r e  5. 12-13 and the r e t r o  a c c e l e r o m e t e r  recons t ruc t ion  on 
F i g u r e  5. 12-3. 

The t e l e m e t r y  data a r e  apparent ly  
The peak acce lera t ion  of 10 e a r t h  g (excluding the 
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5. 13. 1 INTRODUCTION 

On 9 September  1967, Surveyor  V successfu l ly  soft-landed on the 
lunar  s u r f a c e .  Short ly  t h e r e a f t e r ,  eighteen 200-line mode p ic tures  w e r e  
taken by the s p a c e c r a f t ' s  television s y s t e m ,  which w e r e  of excel lent  quality. 
T h e  s p a c e c r a f t  and ground equipment w e r e  then reconfigured f o r  600-line 
mode te levis ion to p e r f o r m  standard photogrammetr ic  and photometr ic  o p e r a -  
t ions f o r  the r e m a i n d e r  of the f i r s t  lunar  day ,  approximately 14 e a r t h  days.  

Eighteen thousand six high quality p ic tures  w e r e  taken on  the f i r s t  
l u n a r  day s u r p a s s i n g  all m i s s i o n  objectives.  and a n  additional 1048 p ic tures  
w e r e  taken during the second lunar  day ,  resu l t ing  in  a grand total  of 19 ,054  
p i c t u r e s .  
ing device.  
f i r i n g  which showed re la t ive  motion with r e s p e c t  to  the alpha 
device.  

Many of the p ic tures  were  of the s p a c e c r a f t  and the alpha s c a t t e r -  
Espec ia l ly  in te res t ing  w e r e  p ic tures  before  and a f t e r  s t a t i c  

s c a t t e r i n g  

5. 13. 2 ANOMALIES 

During the f irst  l u n a r  day s e v e r a l  p e r f o r m a n c e  c h a r a c t e r i s t i c s  w e r e  
repor ted  which w e r e  not all n e c e s s a r i l y  p r o b l e m s  but which requi red  invest i -  
gation. T F R  59592 was  wri t ten against  the f o c u s ,  f i l t e r  wheel ,  and focal  
length nonresponse  to command before lunar  sunset .  

Cal ibra te  Voltage Change 

Shor t ly  after touchdown, about 24 h o u r s ,  the c a l i b r a t e  voltage 
increased  f r o m  that  measured  in P V T - 4  ca l ibra t ion .  

200-Line Mode Frame Time D e c r e a s e  

During the f i rs t  18 p ic tures  in 200-line m o d e ,  
repor ted  to be below tha t  measured  at P V T - 4  

Ver t ica l  Blanking P u l s e  Time D e c r e a s e d  

the f r a m e  t i m e  w a s  
cal ibrat ion.  

Af te r  s e v e r a l  hundred 600-line mode p i c t u r e s  w e r e  taken ,  T V - 1  
(JPL ground d a t a  handling sys tem)  repor ted  the v e r t i c a l  blanking 
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pu l se  t i m e  h a d  d e c r e a s e d  d u r i n g  o p e r a t i o n  f r o m  210 m i l l i s e c o n d s  
t o  192 m i l l i s e c o n d s .  T h i s  n u m b e r  h a s  a l s o  b e e n  quoted  a s  202 
m i l l i s e c o n d s  t o  196 m i l l i s e c o n d s .  

F o c u s ,  F i l t e r  Whee l ,  and F o c a l  Leng th  Did Not  R e s p o n d  t o  Com-mand  

D u r i n g  Sta t ion  42 ( C a n b e r r a )  t e l e v i s i o n  o p e r a t i o n s  on  d a y  266 ,  at 
19:43 G M T ,  1 4  h o u r s  b e f o r e  l u n a r  s u n s e t ,  t h e  f o c u s ,  f i l t e r  w h e e l ,  
and focal l eng th  func t ions  f a i l ed  t o  r e s p o n d  t o  r e p e a t e d  c o m m a n d s  
( T F R  59592).  

Video Ga in  D e c r e a s e d  

O n  15 O c t o b e r  1967 ( second  l u n a r  d a y ) ,  S u r v e y o r  V w a s  r e a c q u i r e d .  
It w a s  noted t h a t  t h e  t e l e v i s i o n  v ideo  s i g n a l  w a s  a t t e n u a t e d  s e r i o u s l y  
d e g r a d i n g  p e r f o r m a n c e .  A l l  o t h e r  f u n c t i o n s  a p p e a r e d  n o r m a l .  C a m -  
e r a  o p e r a t i o n s  w e r e  in i t i a l ly  p e r f o r m e d  by  S t a t i o n  11 (Go lds tone ) .  

5 .  13. 3 SUMMARY AND RECOMMENDATION 

5. 13. 3. 1 S u m m a r y  

Although t h e  t e l e v i s i o n  s y s t e m  m e t  a l l  m i s s i o n  o b j e c t i v e s ,  o n e  f a i l u r e  
Al l  o t h e r  r e p o r t e d  o c c u r r e d  j u s t  p r i o r  t o  l u n a r  s u n s e t  on t h e  f i r s t  l u n a r  day .  

p r o b l e m s  h a v e  been  r e s o l v e d .  
f i l t e r  w h e e l ,  and foca l  l eng th  func t ions  t o  r e s p o n d  t o  c o m m a n d .  
a n a l y s i s  did not d i s c l o s e  a c r i t i c a l  c i r c u i t  o r  componen t  f a i l u r e  unique t o  t h e  
t h r e e  func t ions ,  p r i m a r i l y ,  i n  t h e  r i n g  c o u n t e r  o r  s t e e r i n g  m u l t i v i b r a t o r  
c i r c u i t s .  
t h e  f a i l u r e  a p p e a r e d  t o  be qu i t e  n o r m a l  and  no o t h e r  e f f ec t s  could  b e  s e e n .  
M o r e o v e r ,  no  f a i l u r e  of t h i s  t ype  had o c c u r r e d  b e f o r e .  

T h i s  f a i l u r e  w a s  t h e  inab i l i t y  of the  f o c u s ,  
A c i r c u i t  

T h e  e n v i r o n m e n t  and o p e r a t i o n  of the  c a m e r a  p r i o r  t o  and d u r i n g  

T h e  second l u n a r  d a y  o p e r a t i o n  d i s c l o s e d  n o r m a l  o p e r a t i o n  of t h e  
f o c u s ,  f i l t e r  whee l ,  and f o c a l  length  f u n c t i o n s ,  p r e v e n t i n g  f u r t h e r  t r o u b l e -  
shoot ing  and ind ica t ing  m o s t  l i ke ly  a t e m p e r a t u r e - r e l a t e d  p r o b l e m ,  in  which  
t h e  e x t r e m e  cold and  s u b s e q u e n t  hea t ing  had c o r r e c t e d  t h e  p r o b l e m .  C o n -  
snqucn t ly ,  t h e  m o s t  l i ke ly  f a i l u r e  a p p e a r s  t o  be a l o o s e  conncc t ion  i n  
e i t h e r  t h e  r ing  c o u n t e r  o r  s t e e r i n g  m u l t i v i b r a t o r .  

T h e  second l u n a r  d a y  o p e r a t i o n  d i s c l o s e d  a second  f a i l u r e  i n  t h e  
t e l ev i s ion  c a m e r a ,  loss of v ideo  ga in .  B e c a u s e  of t h e  add i t iona l  d a t a  a v a i l -  
a b l e ,  a m o u n t  of ga in  l o s s ,  v ideo  r e v e r s a l  in  200- l ine  m o d e ,  a n d  loss o f  
v ideo  n o i s e ,  the f a i l u r e  could be i s o l a t e d  wi th  a high d e g r e e  of conf idence  t o  
a n  open  c i r c u i t ,  m o s t  l i k e l y  c a u s e d  by t h e  e x t r e m e  low t e m p e r a t u r e s  d u r i n g  
l u n a r  night .  To ta l  loss of v ideo  d id  no t  o c c u r  s i n c e  t h e r e  w a s  a small  
a m o u n t  of coupl ing within t h e  v ideo  a m p l i f i e r .  

R e f e r e n c e  1 p r e s e n t s  a m 3 r e  c o m p l e t e  a n a l y s i s  of f a i l u r e s  in  t h e  
S u r v e y o r  V c a m e r a .  
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5. 13. 3. 2 Recommendat ions 

Considerat ion h a s  been given to what could be done to the SC-7  c a m -  
e r a s  t o  prec lude  the f a i l u r e s  noted in the Surveyor  V m i s s i o n ,  espec ia l ly  
the  f a i l u r e  on the f o c u s ,  f i l t e r  wheel,  and foca l  length.  Because  of the  
l imited d a t a  avai lable  and undetermined c a i ~ c e ,  it :- ----- ;lllpvSsii)ie to provide 
c o r r e c t i v e  act ion.  

The  S / N  13 c a m e r a  (SC-7) and S / N  11 c a m e r a  ( S P - 2 ) ,  w e r e  physically 

No p r o b l e m s  w e r e  d iscovered .  
inspected f o r  workmanship and e l e c t r i c a l  connections in the a r e a  within the  
c a m e r a  where  the f a i l u r e  might have o c c u r r e d .  
Al l  c a m e r a s  a r e  extensively tested at ambient  and in t h e r m a l  vacuum envi-  
r o n m e n t s  in  which t h e s e  functions a r e  specif ical ly  monitored,  in addition to 
vibrat ion.  

One might  cons ider  the  uniqueness of both f a i l u r e s  and the obviously 
extensive age  and rework  h is tory  of th i s  c a m e r a  and conclude that  in o v e r  2 
y e a r s  of t e s t  h i s t o r y  and many cycles  of a s s e m b l y  and d i s a s s e m b l y  ( the 
vidicon alone was changed twice) ,  a l m o s t  any fa i lure  is l ikely - not due to 
d e s i g n ,  opera t ion ,  o r  environments ,  but p r i m a r i l y  caused by weakening of 
t h e s e  c i r c u i t s  due to handling. 

The  remain ing  c a m e r a s  for  SC-6,  SC-7,and s p a r e s  a r e  all l e s s  than 
a y e a r  old s ince f i rs t  init ial  F A T .  
and have been a s s e m b l e d  and reworked by personnel  with exper ience  gained 
f r o m  e a r l i e r  c a m e r a s .  

They  a r e  all of the new s e r i e s  290512 

It is t h e r e f o r e  recommended that  nothing should be done to  the SC-7 
o r  s p a r e  c a m e r a s  as  a r e s u l t  of the f a i l u r e s  noted on  the Surveyor  V m i s s i o n ,  
except  the  now-sensit ized monitoring dur ing  tes t ing.  

5. 13. 4 SUBSYSTEM PERFORMANCE ANALYSIS 

5. 13. 4. 1 H i s t o r i c a l  Background 

T h e  TV s u r v e y  c a m e r a  P / N  284312-8 S / N  11 was installed on Surveyor  
V on  5 J u l y  1967, j u s t  p r i o r  to P V T - 4  at A F E T R .  

The  h i s t o r y  on th i s  c a m e r a  d a t e s  back to September  1965 when it was  
instal led on Surveyor  I. 
and off Surveyor  I until J a n u a r y  of 1966, when it was removed f o r  the last 
t ime.  
anomaly  ( T F R  59592). 

It had s o m e  31 T F R s  wr i t ten  against  it and was  on 

None of t h e s e  f a i l u r e s  appear  re la ted to the Surveyor  V m i s s i o n  

A f t e r  r e m o v a l  f r o m  Surveyor  I ,  the vidicon was replaced due to  
degrada t ion  of the cathode at g r e a t e r  than  1000 h o u r s  operat ion.  
c a m e r a  was  then installed on Surveyor  2 in  J a n u a r y  1966 and was on  and off 
until September  1966. 
c a m e r a .  

T h e  

An additional 30 T F R s  w e r e  wri t ten aga ins t  t h i s  
Again,  however ,  none of the p r o b l e m s  appear  to  be related.  
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In  Oc tobe r  of 1966, t he  c a m e r a  w a s  in s t a l l ed  o n  S u r v e y o r  111, and 
was  r e t u r n e d  to the  unit a r e a  in November  of 1966 to  i n c o r p o r a t e  vidicon 
c leaning  a c c e s s ,  a f t e r  which it w a s  r e t u r n e d  to  the  s p a c e c r a f t .  
with S u r v e y o r  111 unt i l  t he  s p a c e c r a f t  was  r e t u r n e d  f r o m  A F E T R  in  J a n u a r y  
of 1967, when the c a m e r a  az imuth  g e a r  s u f f e r e d  d a m a g e  d u e  t o  prolonged 
v i b r a t i o n s  on  the r e t u r n  t r i p .  

It r e m a i n e d  

Dur ing  the  c a m e r a  r e w o r k  the  v id icon  was  changed out  aga in  b e c a u s e  
of a shading  p rob lem at s a t u r a t i o n  tha t  w a s  not  unders tood  at t h e  t i m e .  T h e  
damaged gear was r ep laced  and new a z i m u t h  and e leva t ion  m o t o r s  i n s t a l l e d .  
T h e  c a m e r a  was t h e n  shipped to A F E T R  i n  M a r c h  of 1967 as  a s p a r e .  Dur ing  
t h i s  t i m e  an addi t ional  12 T F R s  w e r e  w r i t t e n  a g a i n s t  the  c a m e r a  tha t  a p p e a r  
to  have  no r e l a t ive  i m p o r t a n c e .  

In J u l y  of 1967, p e r  d i r ec t ion  of N A S A / J P L  Change  O r d e r  160, t h i s  
c a m e r a  was  ins ta l led  on S u r v e y o r  V ,  to  p rov ide  a c a m e r a  with a v id icon  
which could su rv ive  l u n a r  night. 
addi t ional  T F R s  w e r e  wr i t t en .  
aga ins t  t h i s  c a m e r a ;  not a l l  of t h e m  w e r e  c a m e r a  f a i l u r e s .  
a p p e a r  to  be  d i r e c t l y  r e l a t ed  to  the  f a i l u r e  du r ing  t h e  m i s s i o n .  
t ha t  t h i s  c a m e r a  has  been  d i s a s s e m b l e d  a g r e a t  m a n y  t i m e s  and h a s  the  
longes t  h i s t o r y  of any  fl ight c a m e r a ,  which m a y  have  ind i r ec t ly  cont r ibu ted  
to the  f a i l u r e .  

Dur ing  t e l ev i s ion  t e s t i n g  at A F E T R ,  t h r e e  
In  all t h e r e  w e r e  a t o t a l  of 7 6  T F R s  w r i t t e n  

None of t h e m  
It  is  a p p a r e n t  

5. 13.  4. 2 Invest igat ion of Anomal i e s  

The  following inves t iga t ions  and a n a l y s i s  w e r e  p e r f o r m e d  on  the  
a n o m a l i e s  r epor t ed  on the  S u r v e y o r  V t e l ev i s ion  s y s t e m .  

C a l i b r a t e  Voltage Change  

The  c a l i b r a t e  vol tage i n c r e a s e  was  found to  b e  n o r m a l  and should 
have  been expected.  
c a m e r a  c i r c u i t s ,  due  to  i n c r e a s e d  a m b i e n t  t e m p e r a t u r e .  
d u r i n g  t h e r m a l  vacuum te s t ing  c o r r e l a t e d  v e r y  wel l  with f l ight  da t a .  F u r t h e r  
mon i to r ing  of t h i s  vo l tage  d u r i n g  t h e  m i s s i o n  at d e c r e a s i n g  t e m p e r a t u r e s  a l s o  
ver i f ied  n o r m a l  behav io r .  

The  i n c r e a s e  was  due  to  c h a r a c t e r i s t i c  behav io r  of t he  
T h e  unit F A T  d a t a  

200-Line Mode F r a m e  T i m e  D e c r e a s e  

The  200-l ine mode  f r a m e  t i m e  was  m e a s u r e d  du r ing  t e l ev i s ion  o p e r a -  
t ion  d u r i n g  the  f irst  p i c t u r e  s e q u e n c e s ,  which w a s  19. 6 s e c o n d s .  T h e  last 
m e a s u r e m e n t  w a s  m a d e  at P V T - 4  and was  20. 2 s e c o n d s .  
to  d e t e r m i n e  i f  t h i s  was  ind ica t ive  of a p o s s i b l e  f a i l u r e .  

T h i s  w a s  r e p o r t e d  

The  spec i f ica t ion  f o r  200-l ine mode  i s  20. 0 s e c o n d s ,  * l o  p e r c e n t .  
M o s t  c a m e r a s ,  a f t e r  manufac tu r ing ,  hold to *5 p e r c e n t .  

T h e  change f r o m  P V T - 4  d a t a  is  a g a i n  a t t r i bu ted  to the  h ighe r  ambien t  
t e m p e r a t u r e  on the  l u n a r  s u r f a c e ,  as  c o m p a r e d  to  the  P V T - 4  t e m p e r a t u r e  

5. 1 3 - 4  

8 
8 
I 
I 
I 
I 
1 
1 
I 
I 
8 

8 
I 
I 
8 



1. 
8 
1 
I 
I 
I 
8 
1 
1 
I 
I 
I 
I 
I 
I 

- 8  
1 
I 
8 

and verified by unit data.  
i s  therefore  not considered to be a problem. 

The decrease i n  t ime ag rees  with unit data and 

Vertical  Blanking Pulse  Time Decreased 

After severa l  hundred 600-line mode pictures were take.;.,, it was 
The decrease  reported that the ver t ical  blanking pulse t ime had decreased.  

was of concern,  since this would not cor re la te  with expected drift  cha rac t e r -  
is t ic  s caused by tempera ture .  

The c a m e r a  specification requires  the ver t ical  blanking pulse to be 
2 0 0  milliseconds,  * l o  percent. 
t ime appeared to be abnormally close to the maximum tolerance.  
it  was reported that the JPL ground data handling system (GDHS) required 
readjustment to maintain synchronization. 
i toring of the system indicated this was not a problem and was most  likely 
a momentary measurement  o r  ground equipment problem. 

The value f i r s t  quoted for  the decreased 
F u r t h e r ,  

Fur ther  investigations and mon- 

Focus ,  F i l t e r  Wheel, and Focal Length Did Not Respond to Command 

On day 266 a t  19: 43 GMT, Station 42, then in control of the spacecraf t ,  
reported the three  functions, focus, f i l ter  wheel, and focal length, failed to 
respond to repeated commands. 
without previous indication. 
readout o r  in video data.  
final shutdown, but the functions would not respond. 

It appears  they failed simultaneously and 
N o  changes could be detected in either te lemetry 

Fur ther  attempts were  made by Station 11 until 

A t  the t ime of initial fa i lure ,  camera  tempera tures  were decreasing 
rapidly but were  well within operating l imits.  
t empera ture ,  located on chass i s  3,  was t 2 " F .  T V - 1 7 ,  m i r r o r  baseplate 
tempera ture ,  was t40"F .  
respectively.  
this  period. 

TV- 16, c a m e r a  electronics 

The lower operating l imits  a r e  - 2 0 ° F  and - 1 0 ° F  
A l l  other functions on the camera  worked sat isfactor i ly  during 

The fact that a l l  three functions appeared to have failed simultaneously 
and that t he re  was no intermittency o r  par t ia l  failure precludes the assumption 
of mechanical problems,  potentiometer problems,  o r  motor problems.  

Considering the above, which appears  valid, the investigation was 
concentrated on a probable electronic fa i lure ,  common to al l  th ree  functions. 
The three  functions were in the following positions: 

Focus Step 37 (14. 5 feet)  

F i l te r  whe e 1 Green 

Focal length 100 mm (narrow angle) 
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With the small amount of data avai lable  and no opportunity to t rouble-  
shoot the problem,  it was difficult t o  indicate  possible  f a i l u r e  m e c h a n i s m s ;  
however ,  some problem areas a r e :  

1) Cracked components due to e x c e s s i v e  f r e e z e c o a t  

2) Component f a i l u r e s  

3 )  H a r n e s s  and pr inted c i r c u i t s  s h o r t  o r  open 

4) Operat ional  e r r o r s  

5) C a m e r a  t e m p e r a t u r e s  

Surveyor  V w a s  reacqui red  on 15 O c t o b e r ,  and all t h r e e  functions 
p e r f o r m e d  sat isfactor i ly .  The  video gain w a s  quite d r a s t i c a l l y  reduced ,  
apparent ly  due to  lunar  night t e m p e r a t u r e  e x t r e m e s ,  s e r i o u s l y  affecting 
p ic ture  quality. 

Consider ing the  n o r m a l  operat ion of the t h r e e  functions which failed 
on the  f i r s t  lunar  day ,  it a p p e a r s  that  the fai lure  is  obviously t e m p e r a t u r e  
re la ted .  Since f u r t h e r  troubleshooting could not be accompl ished ,  it was  
possible  to d e t e r m i n e  o r  f u r t h e r  i so la te  the fa i lure .  

Video Gain D e c r e a s e d  

The loss  in video gain appeared  to  be approximately 30 db down f r o m  

An 
normal .  
polar i ty  was r e v e r s e d  in the 200-line mode but not i n  the 600-line mode. 
ana lys i s  of the video ampl i f ie r  c i rcu i t  was  conducted (Reference  2).  
of t h e  unique effect of video r e v e r s a l  coupled with the  gain loss it was  not 
difficult to i so la te  the  fa i lure .  If R9 opened o r  a similar effect ,  such as 
interconnection of R9 o c c u r r e d ,  then the video gain loss and video r e v e r s a l  
in 200-line mode only would be equivalent t o  that  noted in  flight. 
appeared to  be the only single c i r c u i t  f a i l u r e  which would c a u s e  th i s  effect .  

It was a l s o  noted in the  200-line m o d e .  The  whi te lb lack  voltage 

B e c a u s e  

T h i s  

A labora tory  t e s t  was conducted on a s i m i l a r  c i r c u i t ,  c h a s s i s  5 ,  in 
which R9  was opened. 
m i s s i o n ,  although t h e r e  appeared  to be a l a r g e r  dynamic range in the l a b  
unit. T h i s  i s  probably due to  the s imulated input,  a s ine  wave g e n e r a t o r ,  as  
compared  to  a video scene  and d i f fe rences  in i n t e r s t a g e  coupling between the  
units.  Although the gain was  s e v e r e l y  r e d u c e d ,  usable  video w a s  obtained by 
modification of ground equipment opera t ions .  

T h e  effect  was s i m i l a r  t o  tha t  encountered in  the 

5 .  13. 5 REFERENCES 

1. A.  M. Laulet ta  J r .  , M. I. S m o k l e r ,  "Special  R e p o r t ,  S u r v e y o r  V T e l e -  
vision Sys tem Miss ion  Anomal ies  Investigation, " Hughes A i r c r a f t  
Company, SSD 74139, 25 October  1967. 

2.  Hughes Schematic  283656. 

5. 13-6 

.I 
8 
8 
8 
1 
8 
I 
8 
t 
I 
8 
8 
0 
8 
8 
8 
8 
8 
8 



I a  
8 5. 13. 6 ACKNOWLEDGMENTS 

This  section was com-piled by W .  M c h t y r e  p r i m a r i l y  f r o m  data  
generated by A .  M. Laulet ta  ( s e e  Reference  1) .  

5. 13-7  



4.  
8 

l 8  
I 
8 
I 
E 
8 
I 
I 
I 
8 
It 
8 
8 
I 
1 
I 
8 

5. 14. 1 INTRODUCTION 

5, 14. 1. 1 P'urpose 

The alpha sca t te r ing  experiment  was added to Surveyor  V in o r d e r  to  
pe r fo rm a compositional ana lyses  of the lunar  sur face .  The alpha sca t te r ing  
technique of su r face  chemical  analysis takes  advantage of the cha rac t e r i s t i c  
interact ions of u par t ic les  with mat te r  to provide information on the chemical  
composition. The energy spec t rums of the large-angle ,  e las t ical ly  sca t te red  
rx. par t i c l e s  a r e  cha rac t e r i s t i c  of the nuclei  doing the scat ter ing.  In addition, 
ce r t a in  e lements ,  when bombarded with a par t ic les  , produce protons,  again 
with cha rac t e r i s t i c  energy  spec t rums.  Consequently, these  energy  spec t rums 
and intensi t ies  of sca t te red  a par t ic les  and protons can  be used to de te rmine  
the  chemica l  composition of the ma te r i a l  being exposed to  the u part ic les .  

The method has  good resolution f o r  the  light e?err,ents expkcted to be 
contained in  rocks  (unfortunately, 'however ,  i t  can give only indirect  in forma-  
tion about hydrogen). The resolution under this technique d e c r e a s e s  as the 
atomic weight i n c r e a s e s  ( F e ,  Co,  and Ni cannot eas i ly  be resolved) ,  even 
though the sensit ivity is  g r e a t e r  f o r  heavy elements  than for  mos t  light e le -  
ments .  (The sensit ivity f o r  e lements  heavier  than l i thium is approximately 
1 a tomic  percent .  ) 

The absence of an  a tmosphere  on  the moon made  prac t ica l  the use ,  for  
such chemica l  ana lyses ,  of the relat ively low-energy a pa r t i c l e s  f r o m  a 
radioact ive source ,  
nuclide fo r  this purpose.  
r e s t r i c t s  the information obtained to that pertaining to the uppermost  few 
mic rons  of ma te r i a l ,  i. e .  , the method is one of sur face  chemical  analysis .  
Moreover ,  using prac t ica l  source  intensit ies (-100 m c ) ,  the r a t e  of analysis  
is  r a t h e r  slow: a relat ively complete analysis  r equ i r e s  about 1 day. In 
spi te  of these  disadvantages , the  s implici ty  of the instrumentat ion associated 
with using a radioactive sou rce  made th i s  a feas ib le ,  a t t rac t ive  method. 

CrnZ42 ( t1 /2  = 163 days ,  T a  = 6. 11 mev)  is a convenient 
The u s e  of low-energy a pa r t i c l e s ,  however ,  

5. 14. 1. 2 Descr ipt ion 

The  alpha sca t te r ing  subsystem consisted of five pr incipal  units: 
s enso r  head, digital e lec t ronics ,  e lectronic  auxi l iary,  t h e r m a l  compartmen.L/ 
hea ter  a s sembly ,  and deployment mechanism/  s tandard sample ,  having a total  
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weight (including mechanica l  and e l e c t r i c a l  s p a c e c r a f t  i n t e r f a c e  s u b s t r u c t u r e  
and cabling) of approximately 13. 1 kg (28. 8 pounds).  
the subsys tem was n o r m a l l y  2. 1 wat ts  (approximately)  which i n c r e a s e d  to 
17, 1 wat t s ,  when both the t h e r m a l  c o m p a r t m e n t  and t h e  s e n s o r  head h e a t e r s  
w e r e  active.  

P o w e r  d iss ipa t ion  of 

A brief descr ip t ion  of e a c h  of the  pr inc ipa l  units follow. 

S e n s o r  Head ( G F E )  

The  s e n s o r  head is a box m e a s u r i n g  17. 1 by 16. 5 by 13. 3 c m  which 
contains a 30. 5 - c m - d i a m e t e r  p la te  on the bot tom. The  m a i n  purpose  of th i s  
plate  is  to minimize  the probabi l i ty  of the box apprec iab ly  sinking into a sof t  
( lunar )  s u r f a c e .  
and r e c e s s e d  7 .  0 c m  above the opening a r e  six CI s o u r c e s ,  which a r e  or ien ta ted  
in such  a way that the a p a r t i c l e s  a r e  d i rec ted  only at the opening of the head. 
Close  to the a s o u r c e s  are  two s i l icon semiconductor  d e t e c t o r s  a r r a n g e d  t o  
de tec t  (x p a r t i c l e s  s c a t t e r e d  back at a n  a v e r a g e  angle of 174 de  r e e s  f r o m  the 

designed to detect  protons produced in  the s a m p l e  by the a p a r t i c l e s .  A gold 
fo i l  of -21 m g  c m - 2  p r e v e n t s  s c a t t e r e d  u p a r t i c l e s  f r o m  reaching  t h e s e  d e t e c -  
t o r s .  
d e t e c t o r s  a r e  par t icu lar ly  sens i t ive  to s o l a r  p r o t o n s ,  the proton d e t e c t o r s  
w e r e  backed by guard de tec tors .  
d e t e c t o r s  was  a r r a n g e d  s o  that a n  event  r e g i s t e r e d  in  both d e t e c t o r s  (and,  
t h e r e f o r e ,  due to space  radiat ion)  will not be counted as coming f r o m  the 
sample .  
reducing the backgrounds of the i n s t r u m e n t  when opera t ing  i n  the  proton mode. 

At  the bottom of the head is  a 10. 8 - c m  c i r c u l a r  opening, 

sample.  A l s o  contained in  the head a r e  four  d e t e c t o r s  (-1 c m  !3 a r e a  each)  

B e c a u s e  the proton r a t e s  w e r e  expected t o  be low, and b e c a u s e  t h e s e  

The  e lec t ronics  assoc ia ted  with the guard 

The  anticoincidence a r r a n g e m e n t  had the effect  of significantly 

In addition to the s o u r c e s ,  d e t e c t o r s ,  and assoc ia ted  e l e c t r o n i c s ,  the 

The e lec t ronic  p u l s e r  w a s  used t o  c a l i b r a t e  the e l e c t r o n i c s  of the  
head contained a t e m p e r a t u r e  s e n s o r ,  a 5-wat t  h e a t e r ,  and a n  e lec t ronic  
p u l s e r .  
ins t rument  by introducing e l e c t r i c a l  p u l s e s  of known magnitudes (two) into the  
de tec tor  s tages  of the s y s t e m .  
co m m  and. 

The  ca l ibra t ion  mode is init iated by e a r t h  

T h e  output of the head c h a r a c t e r i z e s  the energy  of a n  event ,  i n  e i t h e r  
the s c a t t e r e d  a o r  proton mode of the  i n s t r u m e n t ,  by a s ignal  i n  t i m e  analog 
(pulse)  f o r m .  

Digital E l e c t r o n i c s  ( G F E )  

The  t i m e  analog output s ignal  of the s e n s o r  head i s  p r o c e s s e d  by the  
digital  e lec t ronics  unit and converted into a nine-bit  digi ta l  word t h a t  has  
seven information bi ts .  Stated different ly ,  the  event  energy  s p e c t r u m  i s  
analyzed and e x p r e s s e d ,  i n  t e r m s  of channels ,  by 128-channel pulse-height  
a n a l y z e r s  having a threshold of about 600 kev and a gain of about 54 kev p e r  
channel. 
in  near - rea l  t ime (essent ia l ly  no s p a c e c r a f t  s t o r a g e )  to  e a r t h  a t  a r a t e  of 
2200 b i t s / s e c  f o r  the u mode and 550 b i t s / s e c  for  the  proton mode. 

The  nine -bit  digital  words  c h a r a c t e r i z i n g  each event  a r e  t r a n s m i t t e d  
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T h e  digital  e lec t ronics  unit contains,  in  addition to the digital  p r o c e s s -  
ing e l e c t r o n i c s ,  the  n e c e s s a r y  p=TVrvrer o u y y z z L a  c , , n n ~ ; o c  ail" - - A  +L* C L I L  I ~ ~ : ~ - I  L V ~ L L - C L L  C L C L L L U L I L L  , l , , t , , . , : ,  

i n t e r f a c e s  between the G F E  and the  Hughes s p a c e c r a f t  equipment. 
digital  e l e c t r o n i c s  unit contained c i r c u i t s  so t h a t  the output of any one individ- 
ual d e t e c t o r ,  toge ther  with its associated guard de tec tor ,  could be inhibited 

monitor ing vol tages ,  could be t ransmi t ted  to  ear th .  Final ly ,  a c r u d e  r a t e -  
m e t e r  provided informat ion  on the number of events  occur r ing  i n  the guard 
(anticoincidence) de tec tors .  

T h e  

by ear th  ~ ~ ~ A ~ A ~ p A ~ ;  the  te.;llperaturc of t h e  senSOr hzaG, 2s - - - - I 1  - -  -AI---- 
W C l l  d a  U L L l C I  

E l e c t r o n i c s  Auxil iary (Hughes) 

T h e  e lec t ronics  auxi l iary unit provided t h e  n e c e s s a r y  command 
decoding, s ignal  p r o c e s s i n g ,  and power management  so  that  the G F E  equip- 
m e n t  could i n t e r f a c e  with the b a s i c  spacecraf t  bus.  B a s i c  i t e m s  interfacing 
d i r e c t l y  with the s e n s o r  head and the digital  e lec t ronics  a r e  1) the  c e n t r a l  
s ignal  p r o c e s s o r  that  provides  2200 and 550 b i t s / s e c  sync to  the digi ta l  
e l e c t r o n i c s  c locks ,  and 2) the engineering s ignal  p r o c e s s o r  that  provides  
t e m p e r a t u r e  s e n s o r  excitation c u r r e n t  and commutat ion of the G F E  engineer  - 
ing d a t a  outputs.  

T h e  e lec t ronics  auxi l ia ry  a l so  provides  the two d a t a  channels  employed 
by the alpha s c a t t e r i n g  subsys tem for  the alpha and proton counts. 
c h a r a c t e r i s t i c s  of t h e s e  two s u b c a r r i e r  osc i l la tor  channels are  as follows: 

The  

Alpha Counts P r o t o n  Counts 

Data  input to  e lec t ronic  auxi l ia ry  Digi ta l ,  NRZ Digi ta l ,  NRZ 

Input d a t a  r a t e  2200 b i t s /  s e c  550 b i t s / s e c  

S u b c a r r i e r  osc i l la tor  center  f requency 7 0 , 0 0 0  Hz 5400 Hz 

T h e r m  a1 C o m  p a r  t m  e nt / He at e r  A s s e m  bl y 

T h e  digi ta l  e lec t ronics  and the e lec t ronic  auxi l ia ry  units w e r e  con- 
tained in  a t h e r m a l  c o m p a r t m e n t  attached t o  the spacecraf t .  
was obtained by c o m p a r t m e n t  t h e r m a l  design in  conjunction with a 10-watt 
c o m p a r t m e n t  h e a t e r  a s s e m b l y ,  which was  operated by the engineer ing s igna l  

T h e r m a l  cont ro l  I 
p r o c e s s o r .  

De plo vm en t M e c hani s m / S t a ndar d S amp1 e I 
The deployment mechanism provides  f o r  the operat ion of the e x p e r i -  8 ment in any of the following t h r e e  posit ions:  

1) Stowed position where the s tandard  s a m p l e  w a s  utilized f o r  
cal ibrat ion of the  s y s t e m  

5 . 1 4 - 3  



2 )  Background posit ion where  the s o l a r  and s u r f a c e  n a t u r a l  radia-  
tion was  ca l ibra ted  

3 )  Lunar s u r f a c e  posit ion where  the l u n a r  s u r f a c e  composi t ional  
analysis  was p e r f o r m e d  

The  s tandard sample is a s a m p l e  of known c h e m i c a l  composi t ion that  was 
attached to the  deployment m e c h a n i s m  and was  used to a s s e s s  s u b s y s t e m  
per formance  p r i o r  to  launch and a f t e r  lunar  landing. 
c o v e r s  the s e n s o r  head viewing p a r t  when in the stowed posi t ion,  and is 
removed when the s e n s o r  head is in  e i ther  the background o r  the l u n a r  s u r -  
f a c e  posit ions.  
and l ight during s p a c e c r a f t  launch,  t r a n s i t ,  and landing a n d / o r  until the  
exper iment  is to be o p e r a t e d .  

The  s tandard  s a m p l e  

Opera t ion  in  th i s  manner  m i n i m i z e s  the en t rance  of both dust  

5. 14. 2 ANOMALIES 

Operat ion of the alpha s c a t t e r i n g  exper iment  was comple te ly  s u c c e s s  - 
ful  with a total  accumulat ion t i m e  of 9 3 - 1 / 2  h o u r s ,  including 50 h o u r s  of 
lunar  s u r f a c e  ana lys i s .  

During a l l  flight and lunar  opera t ions  of the exper iment ,  the e s s e n t i a l  
t e l e m e t r y  data remained  within predicted l i m i t s  except  f o r  the  s e n s o r  head 
t e m p e r a t u r e ,  which exceeded the m a x i m u m  operat ing t e m p e r a t u r e  limit f o r  
a s h o r t  per iod of t i m e  n e a r  l u n a r  noon. T h e  d a t a ,  however ,  w e r e  not affected,  
and the d e t e c t o r s  remained operable  at all t i m e s .  

A single anomaly o c c u r r e d  dur ing  the  init ial  t u r n - o n  when the c a l i b r a -  
tion pulse genera tor  b e c a m e  ac t ive  without being commanded on.  
genera tor  was  commanded off and it responded with no f u r t h e r  malfunction. 
Approximately 600 commands  w e r e  t r a n s m i t t e d ,  rece ived ,  and executed with- 
out a s ingle  e r r o r .  

T h e  pulse  

5 .  14. 3 RECOMMENDATIONS 

It is recommended that  all functions be commanded to t h e i r  p r o p e r  
s ta te  a f t e r  tu rn-on  t o  e n s u r e  that  the ini t ia l  condition is c o r r e c t .  

5. 1 4 . 4  SUBSYSTEM PERFORMANCE ANALYSIS 

The  Lunar  Opera t ions  P l a n  called f o r  four  m o d e s  of operat ion:  
s tandard s a m p l e ,  2)  background, 3 )  l u n a r  s u r f a c e ,  and 4) cal ibrat ion.  T h e r e  
w e r e ,  however ,  s i x  actual  m o d e s  of opera t ion  provided with addition of the 
t r a n s i t  mode and t h e  lunar  s u r f a c e  s a m p l e  I1 mode. 

1) 

T h e  t r a n s i t  mode  opera t ion  was  init iated dur ing  the m i s s i o n  when it 
appeared that  a safe  landing o n  the l u n a r  s u r f a c e  was  questionable,  and the 
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l u n a r  s u r f a c e  s a m p l e  I1 mode  of opera t ion  was  ini t ia ted after the  a lpha  
s c a t t e r i n g  s e n s o r  head changed i t s  l una r  s u r f a c e  loca t ion  as a r e s u l t  of the  
v e r n i e r  engine s t a t i c  f i r i ng  expe r imen t .  F i g u r e  5. 14-1  shows the  loca t ion  
of t he  s e n s o r  head b e f o r e  and a f t e r  the v e r n i e r  engine e x p e r i m e n t .  

T\vo f o r m s  of s c i e n c e  da t a  were  r e c o r d e d  d u r i n g  opera t ion :  the  
u n c o r r e c t e d  s p e c t r a ,  rece ived  v i a  te le type  f r o m  the  s t a t i o n s ,  which w e r e  u s e d  
f o r  n e a r - r e a l  t i m e  a n a l y s i s ;  and the  F R -  1400 p r i m e  d a t a  t a p e s  f o r  u s e  d u r i n g  
the  p o s t m i s s i o n  ana lys i s .  T h e  uncor rec t ed  s p e c t r a ,  while not re f lec t ing  all 
t he  d a t a  t r a n s m i t t e d  f r o m  the  a lpha  s c a t t e r i n g  s u b s y s t e m ,  did conta in  the  
v a s t  m a j o r i t y  of t h e  d a t a  r e c o r d e d  on the  FR-1400  t apes .  Tab le  5. 14-1  p r e -  
s e n t s  a s u m m a r y  of t h e  s c i e n c e  d a t a  accumula t ion  t i m e  i n  each  of t he  six 
o p e r a t i o n a l  conf igura t ions .  

Opera t ion  of t he  a lpha  s c a t t e r i n g  s u b s y s t e m  was  ini t ia ted du r ing  t r a n s i t ,  
a p p r o x i m a t e l y  26  h o u r s , 4 3  m i n u t e s  a f t e r  l aunch ,  while t he  s p a c e c r a f t  w a s  i n  
v iew of DSS-42 ( C a n b e r r a ,  A u s t r a l i a )  fo r  s o m e  50 minu tes .  
t e l e m e t r y  d a t a  indicated tha t  t he  d ig i ta l  e l e c t r o n i c s  and the  e l e c t r o n i c s  aux i l -  
i a r y  un i t s  w e r e  at  approx ima te ly  - 1 5 ° F  and tha t  the  s e n s o r  head t e m p e r a t u r e  
w a s  at 3 0 ° F .  T h e  e x p e r i m e n t  was  next o p e r a t e d  on d a y  254, approx ima te ly  6 
h o u r s , 4 4  minu tes  a f t e r  touchdown, while t h e  s p a c e c r a f t  was  aga in  i n  v iew of 
DSS-42. L u n a r  ope ra t ions  continued d u r i n g  d a y s  254 th rough  257 and 259 
through 265. Dur ing  l u n a r  o p e r a t i o n s ,  t he  m a j o r i t y  of t he  s c i e n c e  d a t a  w a s  
accumula t ed  while the  s e n s o r  head was within its ope ra t iona l  t e m p e r a t u r e  
l i m i t s  of -40"  t o  122°F .  A s m a l l  amount  of d a t a  was  accumula ted  when t h e  
s e n s o r  head t e m p e r a t u r e s  w e r e  a s  high as t 1 3 0 " F  and as  low as  - 7 0 ° F .  With 
t h e  excep t ion  of t he  d a t a  accumula t ed  du r ing  t r a n s i t ,  all d a t a  w e r e  accumula t ed  
while  t h e  t h e r m a l  c o m p a r t m e n t  w a s  within its ope ra t iona l  tern-perature  l i rn i t s  
of - 4 "  t o  131°F .  

A t  t h i s  t i m e ,  

T A B L E  5. 14- 1. SCIENCE DATA ACCUMULATION SUMMARY 

O p e r a t i o n a l  Conf igura t ion  Accumula t ion  T i m e ,  minu tes  

T r a n s i t  20 

S tanda rd  s a m p l e  75  

Background 170 

L u n a r  s u r f a c e  s a m p l e  I 1056 

L u n a r  s u r f a c e  s a m p l e  I1 4005 

C a l i b r a t i o n  28 1 

T o t a l  5607 e 93.  5 h o u r s  
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a )  Before Static F i r i n g  

(Photo 681 89- 5- 19)  
8 b)  A f t e r  S ta t ic  F i r i n g  

(Photo 68189-5-19) 
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In genera l ,  the  communications l ink f r o m  the spacecraf t  was excel lent ,  
and the bit e r r o r  r a t e  of 10-6 was at l e a s t  a fac tor  of 100 be t te r  than the p r e -  
dicted w o r s t - c a s e  value.  
genera l ly  occur red  when the spacecraf t  was being t racked n e a r  the e a r t h ' s  
horizon. 

Deviations f r o m  this  high quality data  recept ion 

F o r  anc i l la ry  information, Table 5. 14-2 is a s u m m a r y  of p re l imina ry  
r e su l t s  of the chemica l  analysis  of the moon at the Surveyor  V landing s i t e  
(Reference  l ) ,  and Table  5. 14-3 i s  a detailed account of SSAC alpha sca t te r ing  
opera t ions  during the f irst  lunar  day. 

TABLE 5. 14-2. CHEMICAL COMPOSITION O F  LUNAR SURFACE 
AT SURVEYOR V SITE 

Element  Atomic ,  percent::: 

Carbon 

Oxygen 

Sodium 

Magnesium 

A1 umi  num 

Silicon 

28 < A < 65:::::: 

( F e ,  Co, N i )  

A > 65 

< 3  

58 f 5 

< 2  

3 * 3  

6 . 5 * 2  

18 .5  f 3 

1 3 f 3  

> 3  

< o .  5 

'::Excluding hydrogen, helium, and l i thium. These  numbers  have 
been normal ized  to approximately 100  percent .  

':::::This group includes,  for  example,  S, K,  Ca ,  F e ,  Co, and Ni .  
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T A B L E  5 .14-3 .  SSAC SURVEYOR V A L P H A  SCATTERING OPERATIONS 
DURING FIRST LUNAR DAY 

DS5 

42 

42 

61  

252 

254 

2 5 4  

L i i  

Pos i t ion  

T r a n s i t  

Stowed 

Background 

Background 

~- 

Record  

1 
2 - 8  
9 

1 
2 
3 - 9  

10 
11 
12 

1 3  
14 
15 
16 
17 
18  
19 
LO 
2 1  
2 2  

1 
2 

3 
-1 
5 
6 

H 
0 - 1 ,  

1 4  
15 
1 0  

, 

1 7  
I S  

3 
1 
5 . 5  

10 
1 1  
1 L  
1 ;  
1 4  
1 5  
I t ,  
I 7  
18 

Cal ibra t ion  

C a l  

C a l  

C A I  

S A M P L E  I 

Ac  crirriulation 

10M 
2M 

10M 

10M ( p u l s e r  on) 
5M 
1M 

LOM 
LOM 
20M 

10M 
10M 
LOM 
L O M  
LOM 
2OM 
LOM 

2 0 hl 
1 OM 

LM ( A l ,  A L ,  P 4 o n )  

1 0 M 
I O M  

C M T ,  hr:rnin:sec 

S t a r t  

10: 59:05 
IO: 5 1: 50 
11: 16:05 

07: 30: 1 0  
07: 50: 42 
09: I X :  2 1 
09: 35: 54  
09: 56: 5 8  
10: 17:25 

12: 14:48 
12:27:06 
11: 37:49 
12: 57:49 
13: 17:40 
1 3: 57: 49 
13:  57: 49 
14: Lo: 1 5  
14:L5: $5  
l.1:4>: $5 

15: 1lr:Oil  
15: 2 1: '$1) 

End 

10: 49: 05 
11: 14:45  
l l : L 6 : 0 5  

07: 40: 1 0  
0 7 : 5 5 : 4 L  
09: 3 3: 45  
09: 55: 5 4  
10: 16:5X 
10: 37: 25 

12: 24: 48 
1 1 :  1 7 : O L  
12: 57: .49 
13: 17: 49 
13: 37: 40 
13:57:40  
14: 1 7 : 4 9  
1'1:LL: 15 
14:.15: i 5  
1 +:55: $i 

15: LO: 0 1 1  
1 5 :  i1: 1 1 1  

5 . 1 4 - 8  



I .  
'I 
3 
I 
8 
I 
I 
1 
I 
I 
I 
I 
1 
I 
I 
8 
1 
8 
I 

Table 5. 14-3 (continued) 

C M T ,  1ir:min:sc.c 

2 5 6  

2 5 6  

2 5 6  - 
257 

2 5 7  

2 5 9  

2 5 9  - 
2 60 
2 60  

Posi t inn 

L u n a r  s u r f a c e  

1,un;ir sur face  

L u n a  r s t i  rf.1 c 1: 

L u n a r  s u r f a c e  

1 
L 
3 - 7  
8 

9 
10 
1 1  
12 
1 3  
14  
15 - 19 
LO 

2 
3 - 7  
8 
9 

10 
1 1  
1 1  - 16  
17 
18 
19 
LO 
L l  

1 
2 - 6  
7 
8 
9 

10 
!! 
12 
1 3  - 1 7  
1 8  
1 9  

L 
3 

L 
3 
4 - 8  
9 
1A 
ZA 
3A 
4A - % A  
9A 

1 OA 
11A 
1 LA 
13A 

1B - 5B 
6B 
7B 

1 c  
2c 
3C 
3C - 6C 
7c 

Cal  

C a l  

S A M P L E  I1 

C a l  

C a l  

C a l  

C a l  

C a l  
C a1 

C a l  

C a l  

C a l  

Ca l  
Ca l  

5 .14 -9  

1 OM 
40M 

LM 
4 O ivi 
4 0 M  
40M 
40M 
4 0 M  
40M 
4 0 M  

LM 
40M 

10M 
LM 

1 0 M  
4 0 M  
4 0 M  
4 0 M  

ZM 
40M 
4 0 M  
4 0 M  
40M 
36M 30s 

1 OM 
LM 

4 0 M  
4 0 M  
4 0 M  
4 0 M  
4OM 
1 OM 

LM 
4Oh.1 
15M 

L 5 h I  (A 1 ,  AL,  PL o n )  
15M ( A l ,  A L ,  P 4 o n )  

LOM 
2 M  
2 M  ( los t )  

LOM ( los t )  
L M ( A 1 ,  P I  on) 

2OM 
ZOM 

LM 
2 OM 

2OM ( l o + t )  
2OM 
2OM 

L M  
2OM 
2OM ( los t )  

20M 
10M 1 0 s  

l5hI ( los t )  

LM (not  \\ r i t t en  o n  M T '  
LM 

2 0 M  

16: 19: 1 5  
1 6  50: 15 
17: 1 4 : L i  
17: Z0: 30 
18: 10: 30 
18: 50: 30 
19: 30:4L 
L O :  10:4L 
20: 50: 4 2  
L 1: 30 :  42 
22:  12: 5 5  
L L :  27: 35 

ox: 44: 30 
09: 3 1 : L O  
09: 49: 40 
1O:L6:00 
11: 4 3: 30 
1L:L4: 10  
1 3: 05: 5 5  
13: L O :  40 
14:11:00 
14:5  1 : O O  
15: 12: j0 
16: 12: j o  

17: 0 3:oo 
17: 15: 10 
17: 3 O : O O  
1x: 1 O : O O  
14: 17: 10 
19:57: 30 
L O :  37: 30 
L C 4 9 :  15 
L 1 : o o : L u  
L 3 : ! 5 : L o  
i . : i 5 : 2 0  

08: 58: 1 5  
09:Li i :  1 5  

18:44: 35  
19: 05: 5 0  
19: 08: 4 5  
19: 2 8 :  4 0  
20:07:00 
L O :  12: 50 
20: 38: 4 8  
21:Ol:  10 
21: 17 :44  
L 1: 38: 30  
21: 53: 30 
22: 13: 30 
22: 34: 30 
23: 17:OO 
23: 33: 15 
L3:53: 15  

00: 27:  L O  
00: 47: LO 
00: 59: 10 
01:03:45 
0 1: LL: LO 

E rid 

16:LY: 15  
17: 10: 15  
17:LY: 10 
18: 10: 30 
18: 50: j 0  
19: 30: 10 
LO:10:4L 
20: 50: ,42 
L 1: 10: 4 2  
22: 10: 42 
22:  2 6: 40 
2 3: 07: 35 

08:54: 30 
07:48: 17 
09: 57: 40 
11:06:00 
1 L : Z  3: 30 
13:04: 10 
13: 19: 15 
14: 0 0: 40 
14:51:00 
15: 31:oo 
16: 12: 30 
16: 49: 00 

17: 1 9 0 0  
1 7 : 2 8 : 5 5  
1x: 10:(10 
1 X : i O : O O  
!7 : i7 :  $ 0  
L O :  3i: 50 

L L :  57: 1 i 
23:  14: 10  

L 1: 17:  :o 

09: L 3 :  15 
09:41:  1 5  

19:04: 35 
19:07:50  
1 9 : 2 i :  40 
19: 48: 40 
20: 09: 00 

2 1: 37: 44 
2 1: 5 3: 30 
2 2 :  13: 30 
LL: 3 3: 10 
LL: 54: 30 
23: 32: 10 
23:53: 15 
00: 13: 15 

00: 47: L O  
00: 57: 30 
01:Ol: 10 
01:  16: 1 5  
0 1: 42: L O  



Table 5. 14-3 (continued) 

I 

Day 

260 

L 60 

L 60 

Lbl 

261  

261 

261 - 
L 62 
L 62 

Posi t ion 

L u n a r  sur face  

Lunar  s u r f a c e  

Lunar  sur face  

Lunar  sur face  

Lunar  s u r f a c e  

Lunar  s u r f a c e  

.ecord 

2 
3 
4 - 8  
9 

10 
11 
12 
12 
1 3  
14 
15 
1 6  
17 
18 
19 - 2 3  
2 4  
25 

1 
2 
3 
4 
5 
6 
7 
8 

1 
2 
3 - 7  
8 

2 

1 
2 - 6  
7 
8 
9 

10 
11 
1.2 
13 
14  

1 
2 - 6  

8 
9 

10 
11 
12 
1 3  - 1 7  
18 

19 
L O  

.. 
I 

Calibrat ion 

Cal  

C a1 

C a l  

C a l  

Cal  

C a l  

Accumula t ion  

10M 
1 OM 
2M 

20M 
19M30S 
ZOM 
40M ( l o s t )  
10M 
40M 
40M 
40M 
40M 
46M40S 
18M40S 

LM 
40M 

5M 

10M 
3OM ( A l ,  P 1  on)  
30M ( A l ,  P 1  on)  
30M (AZ, PZ on)  
30M ( A L ,  PL on) 
30M (AL, P 3  on)  
30M(AL,  P3  on) 
30M (A 1 ,  P 4  on) 

30M (A 1 ,  P 4  on) 
30M ( A L ,  P L  on) 

L7MLOS 
LM 

LOM 

10M 
2M 

L OM 
LOM 
ZOM 
LOM 
ZOM 
LOM 
LOM 
15M 

15M 
LM 

40M 
40M 
LOM 
ZOM 
LOM 
LOM 

LOM 

LOM 
LOM 

LM ( los t  No. 16) 

Data accumulated s a m e  t i m c  as r e c o r d  N o .  

Data  accumulated same  t imc as r e c o r d  No.  

1 a t  Stat ion 61 on  day 261. 

14  at  Stat ion 42 on day  261. 
_,. ,.. 

5. 14-10 

G M T .  hr :min:sec 

S t a r t  

03: 43: 05  
03: 5 6: 0 1 
04: 14:02 
04: 29: 34 
04:50: 30 
05:11:40 
05: 34: 30 
06: 16:05 
06: 28: 40 
07: 10:20 
07: 52: 15  
08: 42: 00 
09: 2 3: LO 
10: 17:40 
10: 40: 40 
10 :56  30 
11: 40: 00  

13: 05: 00  
13: 20: 55 
12x52: 15 
15:Ll: 15 
15: 53: 00 
1 6 2 5 :  15 
17: 32:20 
18: 05: 50 

18:44:45 
19: 16:40 
19: 48: 33 
20:07:45 

08: 33: 45 

15: 59: 30 
16:11:00 
1628:OO 
16:49:LO 
17: 1 O : L O  
17: 3 L : L O  
17:53:00 
18: 14: 30 
18: 3 5 : L O  
1":L3:00::: 

19: L 3 :  (I@-'. 
LO: .i5:40 
L O :  5 1: 30 
L 1: 3 1: 30 
L L :  11: 30 
22: 31: 3u 
L L :  5 1: 30 
23:11:30 
23:43:49 
23: 59: 30 

00: 19: 30 
00: 39: 30 

End 

13: 53: 05  
14: 06: 0 1 
14: 28: 30 
1 4  49: 34 
15: 1o:oo 
15: 3 1: 40 
16: 14: 30 
1 6 2 6 0 5  
17: 08: 40 
37: 50: 20  
18: 32: 15  
19: 22: 00 
10: 1o:oo 
10: 36: 20 
10:55: 10 
1 1 : 3 6  30 
11: 45: 00 

13: 15:OO 
13: 50: 5 5 
14:2L: 15 
15:51: 15  
16:23:00 
1 6 5 5 : 1 5  
18: 02: 20  
18: 35: 50 

19: 14:45 
19: 46: 40 
20:05: 15 
20: 35: 05 

08:53:45 

16: 09: 30 
1G:L630  
1648:OO 
17: 09: LO 
1 7 : 3 0 : L U  
17: 5L:Lo 
18: 13:oo 
18: 34:  3 ( '  
18: 55: 20 
l C 1 :  38: (10 

IC]: 3R:clo 

21: 31: \I' 
L L :  11: i l l  
2 2 :  3 1 :  3 0  
22: 5 1: i o  
23: 1 I: 3 0  
23:31: 30 
23:  58:05 
0 0 :  19: 30 

00:  39: 30 
00: 59: 3 0  

20: 50: ( I ? .  



Table 5. 14-3  (continued) 

L)bS 

61 
(cont)  

- 

1 1  

42 

6 1 

'1 L 

61 

- 

2 6 L  
(cont)  

2 6 2  

2 6 L  

2 6 2  

262 - 
263  
2 6 3  

2 63 

2 6 3  

263  - 
264  
2 6 4  

P o s i t i o n  

L u n a r  surf  a c e  
(cont)  

L u n a r  s u r f a c e  

L u n a r  siirface 

L u n a r  surfacca 

L u n a r  s u r f a c e  

L u n a r  s u r f a c e  

Record  

L1 
22 
23 _ _  Z A  - 2 8  

2 
3 
4 
5 - 9  

10 
11 
12 
13 
14 
14 
15 - 19 
20 

2 
3 
4 
5 
6 
7 
8 - 12 

13 
14 

1 
2 
3 
4 
5 
6 
7 - 11 

12 

13 
14 
15 - 19 
L O  

2 
3 - 7  
8 
9 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 - 14  

Cal ibra t ion  

c z! 

C a l  

C a l  

C a l  

Cal  

Cal  

C a l  

Cal  

Accumula t ion  

20M 
ZOM 
30M 

, X "  
11"1 

1 OM 
10M 
1 OM 
2M 

40M 
40M 
40M 
40M 
40M ( s t a r t e d - l o s t )  
10M 
ZM 

2 OM 

40M 
40M 
40M 
40M 
40M 
40M 

2M 
80M 
29M40S 

201yI 
40M 
80M 
1 OM 
10M 
,nnq 

2M 
80M 

80M 
60 M 

2M 
30M ( los t )  

L Y l "  

10M 
2M 
LM (not  t r a n s m i t t e d )  

40M 

ZOM 
30M 
40M 
40M 
40M 
40M 
40M 

40M 
40M 

2M 

G M T ,  h r :  min: s e c  

S t a r t  

0 1: 00: 20  
01:21:05 
01:44:15 
n 7  1 7  n r  
"L. I I.", 

08:07: 30 
08: 2 1: 00 
08: 35:OO 
08:48:00 
09: 03: 30 
09: 44: 30 
10:25: 30 
11:Ok 30 
11: 47: 30 
12: 16: 15 
12:29:00 
1 2 : 4 4 3 0  

13: 05: 00  
13: 4 6 :  00 
14: 29: 00  
15: 10: 30 
15: 5 1: 30 
1632:OO 
17: 14: 10 
17:29: 30 
18: 50:LO 

19: L O :  00 
19: 40: 00  
20:22:01 
2 1: 44: 10 
22:Ol: 40 
22: 26: 05 
22: 47: 15 
2 3: 02: 35 

00: 25: 30 
01:47:00 
02: 49: 00 
0 3 :  0 6 :  0 0  

18: 3 3: 00 
18: 48: 00 
19:03:25 
19: 07: 40 

19: 50:OO 
20: 1o:oo 
20: 40: 00 
21:21:40 
22: 04: 00 
22:45:05 
2 3 : 2 6 0 0  

00: 09: 00 
00: 49: 40 
01: 31: 35 

End 

01:20:20 
0 1: 41: 05 
02: 14: 15 
Oi.3G.20 

08: 17: 30 
08: 3 1: 00 
08:45:00 
09: 02: 10 
09: 43: 30 
1 0 : 2 4 3 0  
11: 05: 30 
11: 4 6  30 

12:26: 15 
12:43: 10 
13:04: 30 

13:45: 00 
14:26:00 
15:09: 00  
15:50: 30 
1 6: 3 1: 30 
17: 12:OO 
17: 28: 00 
18: 49: 30 
19:20:00 

19:40:00 
L O :  20: 00 
21:42:01 
2 1: 54: 10 
22:11:40 
22: 46:  05 
23: 0 1: 30 
00:22:  35 

0 1: 45: 30 
O L :  47: 00  
03:o 1: 30 

18: 43: 00 
19: 0 1: 5U 
19: 05: 25 
19: 47: 40 

LO:  0 1: 00 
20 :  40: 00 
L 1: 20: 00 
22: 0 1: 40 
22: 44: 00  
23:25:05 
00:06:00 

00: 49: 00 
01:29:40 
01:46:05 
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Table 5. 14-3 (continued) 

DSS 

61 
(cont)  

11 

42 

61 

3 L  

61 

3.: 

2 64 
(cont)  

2 64 

2 64 

L 64 

L h 4  - 
L 65 
2 6 5  

L 65 

2 65 

. ! f , l ,  

2 hr 

Posi t ion  

Lunar  sur face  
(cont)  

Lunar  s u r f a c e  

Lunar  sur face  

Lunar  sur face  

Lunar  sur face  

Luna r s iir i , lc.c! 

Record 

15 
16 
17 

2 
3 - 6  
7 
8 
9 

2 
3 
4 
5 
6 

1 
2 
3 
4 
5 
6 
7 

8 - 12 
1 3  
14  
15 

1 
L - 6  

1 - 5  
6 
7 - 1 1  

I'! 
13 

L - i ,  
7 

Cal ibra t ion  

C a l  

Cal  

C a1 

Cal 

C n l  

c;,1 

Accumulat ion 

40M 
40M 
40M 

10M 

2OM 
20M 
2OM 

2M (deleted i tem 6. 1) 

40M 
40M 
40M 
10M 
30M ( A l ,  P I  on) 

3 0 M ( A 1 ,  P1, on) 
3 0 M ( A 1 ,  P 2 ,  on) 
3 0 M ( A 1 ,  P L ,  on) 
30M (AL, P 3 ,  on) 
30M (AL, P3, on)  
30M (AL, P 4 ,  on) 
30M (AL, P 4 ,  on)  

LM 
40M 
40M 
20M 

10h4 
LM ( l o i t  Nos. 4, 5 ,  6) 

2M 
5 h4 
2 bl 

10hl 
lLhl I i s  

2 hl 
l0hl  

G M T ,  hr :min:sec  

S t a r t  

01: 47:ZO 
02:28:05 
03:09:30 

13: 52: 15 
14:05: 10 
14:21: 15 
1 4 4 2 :  15 
15:03: 15 

15: 25: 00 
1 6: 0 6: 00 
16: 48: 00 
19: 4 1: 30 
19: 5 3: 30 

L O :  24: 45 
2 0 : 5 6 4 5  
21:L7: 15 
22:OO: 15 
L L :  30: 15 
L 3 : 0 1 : 3 0  
2 3 :  31:30 

0 0 :  0 3: 00  
00: 18: 10 
00: 58: 45 
0 1: 38:  45 

18: i 7 : 0 0  
19:ox: 10 

L L :  L 6: L 5 
2 2 :  3 0 :  40 
0 2 :  3s:o5 
0 2 :  5 I :  1 %  
(1.4: . l2: '15 

1;: 2 + : 2 5  
1:: 1 1 :  LlG 

End 

0L:27:20 
03:08:05 
03: 49: 30 

14:02: 15 
14: 19: 25 
14:41:15 
15: 02: 15 
15:23: 15 

16: 05:OO 
1 6: 4 6: 00 
17: L 8 : O O  
19: 5 1: 30 
20:2.1:30 

L0:54:45 
Ll:L6:45 
21: 57: 15 
L L :  30: 15 
2.1:00: 15  
23:31:30 
00: 0 1: 30 

00: 17:25 
00: 58: 10 
0 1: 18: 45 
0 1: 58: 45 

1 3 : o i : o 0  
19: 2': 10 

22:  J": 37 
L L :  15: 40 
0 2 :  i 1: lil 
! I i : U ' ~ : l i  
0 1 : i i : O O  

1 ;: ,<I. p i  
1 7 : 5 l : 2 '  
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